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RR  011-02-01,  SOLID  STATE  PHYSICS,  (Dr.  D.  K.  Ferry,  202  692-1*217) 

NR  318-002,  University  of  Pennsylvania,  "Magnetic  Memory  Materia1 s 
and  Liquid  Crystals",  P.I.  -  Dr.  Herb  Callen,  N000lt-76-C-0106 

It  is  proposed  to  analyze  the  preferential-site-ordering  mechanism 
which  determines  uniaxial  anisotropy  in  garnets.  This  will  provide 
a  new  method  of  determining  the  dynamics  and  mechanism  of  crystal 
growth  in  such  materials.  Such  information  is  needed  for  improving 
magnetic  materials  useful  in  magnetic  bubble  technology.  Domain 
hardness,  wall  mobility  and  velocity  saturation  are  among  the 
areas  to  be  investigated.  In  addition  a  study  will  be  made  of 
modern  critical  phenomena  theory  and  phase  transitions  in  liquid 
crystals.  Progress :  It  was  shown  that  the  observations  of  Gyorgy, 
Sturge,  and  Van  Uitert,  on  the  anisotropy  of  Y( 3-x )Lu(x )Fe5012 , 
are  in  excellent  agreement  with  the  mechanism  previously  suggested 
by  Callen  and  Akselrad.  The  data  are  consistent  with  a  tetrahedral 
iron  mechanism,  although  they  do  not  exclude  an  octahedral  iron 
mechanism.  The  relative  contributions  of  the  two  sublattices  and 
the  relevant  physical  considerations  have  been  determined.  These 
effects  are  pertinent  to  the  mechanism  of  preferential  site  ordering 
in  these  alloys.  The  analogy  between  a  smectic-A  liquid  crystal 
and  a  superconductor  is  made  closer  by  a  transformation  on  the 
smectic  system.  Within  the  context  of  the  Wilson-Fisher  recursion 
relations,  it  has  been  shown  that  the  critical  properties  of  the 
two  systems  are  the  same,  and  that  therefore  the  phase  transition 
from  smectic-A  to  nematic  will  always  be  at  least  weakly  first  order. 

Recent  Publications: 

1.  H.  Callen,  "Growth  Induced  Anisotropy  in  Garnets  with  Mixed 
Diamagnetic  Rare-Earth  Ions:  Y3_xLi.'vFes01„ , "  J.  Applied  Physics, 

Vol .  1(3,  Ho.  9,  pp  23^+3-50,  May  197 

2.  T.  C.  Lubensky  and  R.  G.  Priest,  "Critical  Exponents  for  a 
Symmetric  Traceless  Tensor  Field  Theory  Model,"  Physics  letters., 

Vol.  t8A,  No.  2,  pp  103-t,  June  197t. 

3.  H.  Callen,  "Thermodynamics  as  a  Pcdence  of  Symmetry,"  Founda¬ 
tions  of  Physics,  Vol.  t ,  No.  t,  pp  t27-U3,  December  197t. 

t.  R.  I.  Halperin  and  T.  C.  Lubensky,  "On  the  Analogy  Pot  .w*  or 
'.'•meet.  Lc-A  Liquid  Crystals,  and  Superconductors ,"  Solid  flat  •• 

-ornmuni  cat  ions ,  Vol.  it,  pp  997-1001,  1971*. 
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NR  318-003,  Harvard  University,  "Superconductors,  Magnetic  Detectors, 
and  Magnetic  Electronics,"  P.I.  -  Dr.  Michael  Tinkham,  NOOOlU-76- 
C-0032 

Far  infrared  spectroscopy  and  laser  sources  are  used  to  probe  and 
determine  the  energy  gaps  in  superconducting  materials.  Magnetic 
resonance  techniques  are  also  applied  to  metals  and  to  magnetic 
materials.  The  major  work  is  on  the  interaction  of  far-infrared 
laser  radiation  with  superconducting  weak-link  devices.  Progress : 

Far  infrared  cyclotron  resonance  has  been  observed  in  copper.  The 
observed  lineshapes  have  been  analyzed  with  various  calculations 
of  the  surface  impedance  change  at  resonance,  taking  into  account 
the  Fermi  surface  anisotropy,  in  addition  to  retardation  effects 
and  propagation  effects. 

Recent  Publications: 

J.  M.  Peech,  "Far  Infrared  Cyclotron  Resonance  in  Metals,"  Technical 
Report  9,  September  I97U. 


NR  318-001,  Clarkson  College  of  Technology,  "Magnetic  Control 
Mechanisms  at  Critical  Temperatures,"  P.I.  -  Dr.  Earl  Anderson, 
N00011-76-C-0051 

A  careful  study  will  be  made  of  representative  samples  of  ferro¬ 
magnetic,  anti-ferromagnetic  and  ferrimagnetic  materials  in  the 
vicinity  of  their  magnetic  transitions  in  order  to  determine  the 
critical  exponents  which  describe  their  behavior.  The  behavior 
of  these  different  types  of  magnetic  materials  will  be  compared 
to  see  how  they  differ  at  the  transition  temperature  and  how  they 
ore  applicable  as  control  mechanisms  in  magnetic  circuits.  The 
device  implications  of  magnetic  behavior  at  the  transition  point 
will  be  surveyed.  Additional  magnetic  materials  having  potential 
magnetic  control  capabilities  will  be  sought  and  magnetic  measure¬ 
ments  to  determine  their  properties  carried  out.  Progress :  A 
study  has  been  made  of  the  critical  magnetic  properties  of  lutetium 
iron  garnet.  Values  of  the  critical  exponents  were  observed  to 
fulfill  the  scaling  relationship,  within  the  limits  of  experimental 
error.  The  critical  temperature,  obtained  from  the  kink-point 
plot  of  applied  magnetic  versus  break -point  temperature,  was  re¬ 
affirmed  through  utilization  of  the  Kouvel-Fisher  analysis. 

Recent  Publications: 

A.  A.  Stelmach,  E.  E.  Anderson,  and  C.  Arajs,  "Magnetization  of 
Lutetium  Iron  Garnet  Near  the  Critical  Point,"  J.  Phys.  Cherns. 
Golids,  Vol .  3U,  13U3-13U6,  1973. 
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NR  318-005,  University  of  Pennsylvania,  "Optical  and  Acoustical 
Spectroscopy  of  Solids,"  Dr.  Elias  Burstein,  N00011-76-C-0107 

Surface  electromagnetic  waves  and  surface  acoustic  waves  and  their 
interaction  with  electrons  in  solids  and  with  each  other  are  studied 
to  give  the  electrical  properties  of  solid  state  materials.  The 
interaction  of  surface  electromagnetic  waves  (polaritons)  with 
anisotropic  dielectric  and  permeable  solids  will  be  studied  via 
techniques  such  as  attenuated  total  reflection  (ATR).  Progress : 
Surface  polariton  dispersion  curves  have  been  obtained  for  an  n- 
InSb-air  interface  in  a  magnetic  field  using  the  ATR  method  and 
are  found  to  be  in  qualitative  agreement  with  theory.  In  particular, 
the  curves  show  the  predicted  non-reciprocal  nature  of  the  surface 
polariton  propagation,  and  the  appearance  of  virtual  excitation 
type  branches  of  the  dispersion  curves.  On  the  basis  of  data 
obtained  in  zero  magnetic  field  on  etched  surfaces,  the  quantita¬ 
tive  differences  between  e'^eT-imental  and  theoretical  dispersion 
curves  are  attributed  to  su.  -  ace  damage. 

Recent  Publications: 

1.  D.  L.  Mills  and  E.  Burstein,  "The  Electromagnetic  Modes  of 
Media,"  Reports  on  Progress  in  Physics  37,  817-92^  (197*4). 

2.  E.  Burstein,  "Phase  Matched  Electromagnetic  Generation  and 
Detection  of  Surface  Elastic  Waves  on  Non-Conducting  Solids," 

J.  Appl.  Physics  l5_,  1360  (197**). 

3.  E.  Burstein,  W.  P.  Chen,  Y.  J.  Chen  and  A.  Hartstein,  "Propa¬ 
gating  Electromagnetic  Modes  at  Interfaces,"  J.  Vac.  Soi.  Technoi . 

11.,  100*4  (197*0 . 

*4.  A.  Hartstein  and  E.  Burstein,  "Observation  of  Magneto-plnsmori- 
type  Surface  Polaritons  on  n-InSb,"  Solid  State  Communications  i 1 , 
1223  (197*4). 

5.  M.  L.  Shand,  Y.  L.  Ching  and  E.  Burstein,  "Raman  Scattering 
by  Optical  Phonons  and  Polaritons  in  CuCl,"  Solid  State  Communi¬ 
cations  15_,  1209  (197**). 

6.  A.  Hartstein,  E.  Burstein,  E.  D.  Palik,  R.  Kaplan,  R.  W.  Gammon 
and  B.  W.  Henvis,  "Optic  Phonon-Magnetoplasmon  Type  Surface 
Polaritons  on  n-InSb,"  Int .  Conf.  Fhysics  of  Semirond.,  Stuttgart 
197*+  (Teubner,  Stuttgart,  197**)  p.  5*41. 
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NR  318-007,  University  of  Colorado,  "Band  Structure  Modifications  in 
Superlattice  Structures,"  P.I.  -  Dr.  Herbert  Kroemer,  NOOOll-76- 
C-0L15 

The  effects  of  screening  and  self-energy  are  studied  in  the  Peierl's 
instability  in  periodic  superlattices.  Work  on  purely  electronic 
modifications  of  such  instabilities  is  also  carried  out.  A  study 
of  the  dynamics  of  the  motion  of  a  Peierl's  instability  through 
its  host  lattice  and  of  its  high  field  behavior  will  be  undertaken. 

A  study  of  two-dimensional  surface  superlattices  created  by  atomic 
steps  on  an  off-oriented  semiconductor  surface  will  be  carried  out. 
Progress :  In  layer-type  superlattices  the  electron  motion  perpen¬ 
dicular  to  the  direction  of  periodicity  Is  not  quantized,  a  fact 
that  greatly  weakens  the  beneficial  effects  of  the  superlattice. 

T'ne  overlap  of  the  energy  bands  in  this  structure  essentially 
precludes  the  occurrence  of  negative  differential  mobility  caused 
by  a  transfer  of  electrons  between  minibands.  The  effects  seen 
so  far  in  the  Esaki-Tsu  type  structures  are  more  likely  due  to 
modified  Gunn  effect.  In  order  to  realize  more  than  just  a  fraction 
of  tne  promise  of  the  superlattice  it  will  probably  be  necessary 
to  prepare  them  in  substances  in  which  the  electron  motion  is 
inherently  one-dimensional 

Recent  Publications: 

H.  Kroemer,  "Negative  Bulk  Mobility  Devices  -  What  Next?",  Proceedings 
of  the  International  Electron  Devices  Meeting,  Washington,  D.C., 
December  197^,  pp  3-**. 


NR  318-009,  Rensselaer  Polytechnic  Institute,  "Wave-Solid  Interactions," 
F.I.  -  Dr.  Harold  Tiersten,  N0001 U-76-C-0368 

Theoretical  investigations  of  the  guiding  of  magnetoelastic  and 
piezoelectric  surface  waves  in  deformable  media  and  on  the  nonlinear 
interactions  in  acoustoelectric  devices  will  be  carried  out.  Progress : 

An  analysis  of  the  reflection  of  surface  waves  by  an  array  of 
reflecting  strips  by  means  of  derived  approximate  equations  was 
carried  out.  These  equations  are  expressed  in  terms  of  the  known 
fundamental  material  constants  and  no  measurement  of  model  parameters 
is  required.  Agreement  with  experiment  in  Y-Z  lithium  niobato  is 
good.  The  extremely  accurate  approximate  solution  for  the  fundamental 
nondispersive  antisymmetric  mode  of  the  wedge  waveguide  in  isotropic 
materials  has  been  completed.  A  method  of  analysis  has  been  obtained 
”or  the  treatment  of  abrupt  discontinuities  in  determining  the 
influence  of  the  radiating  continuous  spectrum  on  the  propagation  cf 
riant  i.-  surfac1  waves  guide  by  thin  films.  An  atuilyni  s  of  trapped 
energy  'nators.  per!'  inr  i  >:  evert  oner  cf  enujoid  *.  hickness-s.hear 
and  t.h  i  okre. w  !  has.  te„.  ••irnlet.o  : 
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F.  Tiersten,  "On  the  introduction  of  the 
heal  conduct  i  r..1'  deformable  semi  conductors , 


F.  T'erstoi.,  "Anal  vs:  s  .if  i nt orew  H’.. i or.  in  rotated  v-eut 
c  r’.rf.-  thickt  ess-shea*  resonator:-"  ,  Frceee.i.i  r.gr,  of  t  h<  ■  AM:  Annua! 
symposium:  on  Frequency  Control  ( 1  97 ^  ) ,  rp.  1-7 . 

'* .  Ii.  F.  Tiersten,  "Analysis  of  t rapped  energy  resonators  operating 
ir.  overtones  of  thickness-shear" ,  Proceedings  of  the  :'8th  Annual 
oytr.posiurr.  on  Frequency  Control  (197)4),  pj  . 


■  H.  F.  Tiersten  and  J.  0.  Faumhuuer,  "Peeor.d  harmonic  generation 
•’•rid  parametric  excitation  of  surface  waves  in  elastic  and  piezo¬ 
electric  solids" ,  Journal  of  Applied  Physics  l<5»  1*5172-87  (197M. 


.t:. .  F-  Tiersten  and  P.  Rubin ,  "bn  1  lie  fundamental  antisymmetric 
rode  of  the  wedge  guide",  1 97 -i  Ultrasonics  Symposium  Proceedings, 
pr.  TO. 


' .  F.  Tiersten,  "Kon.i  i near  elect. roeiast  ie  equatir-  s  cubic  in 
t  hv  s;ra.l !  field  variables,"  Journal  of  The  Acoust  ical  Society  of’ 
America  57,  66O-0  (1975). 

Ii.  F.  Tiersten,  "Analysis  of  j nterraodulation  in  thickness-shear 
trvpcou  energy  radiators” ,  Journal  of  the  Acoustical  Society 
■  A-.l r \ca  67 ,  667-Si  (1975). 


:IR  -iS-OlO,  University  of  California  at  Los  Angeles,  "Magnetic  Alloys 
ami  organic  Conductors,"  P.I.  -  i)r.  Raymond  Orbach ,  NOOOll*  -75-C-021* 5 

The  physical  properties  of  conducting  organic  solids  will  be  investi¬ 
gate  i  tl  coretically  by  developing  now  models  f  charge  transfer  in 
quae:  i  -orie  dimensional  narrow  band  solids.  Klectron  spin  resonance 
will  be  used  to  investigate  dilute  magnetic  alloys  that,  have  nearly 
unstable  moments  and  exhibit  large  negative  exchange  coupl ing . 

A  id ’Mortal  work  will  be  undertaken  to  invest  igate  the  effect  of  the 
large  negative  exchange  coupling  on  negative  thermopower  in  dilute 
mar  net  :  e  alloys’.  Additionally,  an  investigation  of  fluctuations 
i*  r:  nr  superconductors  near  the  superconducting  transition 

•  ire  will  le  earriei  out.  Progress:  The  t  hermoel  ect  r  i  c 
,  -wer  of  i  narrow-band  Hubbard  chain  with  an  arbitrary  number  o’’ 
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electrons  per  site  was  studied.  The  calculations  were  carried  out 
to  the  lowest  order  in  the  transfer  integral.  It  was  found  that 
a  characteristic  electron  density  (= 2/3 )  existed  below  which  the 
thermoelectric  power  is  negative  at  all  temperatures.  In  contrast, 
for  the  density  larger  than  2/3,  the  thernopower  is  small  ana 
negative  only  above  a  characteristic  temperature,  below  which 
there  is  a  change  of  sign  and  slope.  The  applicability  of  the 
results  to  the  charge-transfer  salts  of  tetracyanoquinodimethar.e 
(TCIIQ)  was  pointed  out. 

Recent  Publications: 

1.  D.  Davidov,  K.  Maki,  R.  Orbach,  C.  Rettori,  and  E.  P.  Chock, 
"Re-Entrant  Critical  Field  Behavior  in  GdxThi _xRuy :  Correlation  with 
EPR , "  Physics  Letters  E5A_,  163  (1973). 

2.  D.  Davidov,  C.  Rettori,  K.  Baberschke,  E.  P.  Chock,  and  R.  Orbach, 
"Correlation  Between  Electron  Spin  Resonance  and  Superconductivity 

in  GdxBq_xRu2(B=Th,  Ce ,  La),"  Physics  Letters  ^_5A,  l6l  (1973). 

3.  N.  L.  H.  Li  and  R.  Orbach,  "Superexchange,"  A.I.P.  Conf.  Prcc . 

10,  1238  (1973). 

E.  P.  Pincus ,  "Charge  Transfer  Molecular  Solids,"  Selected  Topics  in 
Physics,  Astrophysics,  and  Astronomy,  p.  138  (1973). 

5-  P.  Pincus,  P.  Chaikin,  and  C.  F.  Coll,  "Correlated  Pairs  in  the 
Attractive  Hubbard  Model,"  Solid  State  Communications  12,  1265  (1973). 

6.  C.  Rettori  and  D.  Davidov,  "Comment  on  the  Hyperfine  Constant  of 
Rare-Earth  Ions  in  Dilute  Alloys:  Th:  Fr,"  Physical  Review  B  10 , 

E033  (197E). 

7.  C.  F.  Coll  and  G.  Beni,  "The  Effect  of  Polarons  on  the  Conductivity 
of  the  Harrow-Band  Hubbard  Chain,"  Solid  State  Communications  15 , 

997  (197U). 

8.  D.  J.  Scalapino,  Y.  Imry,  and  P.  Pincus,  "Generalized  Ginzberg- 
La.ndau  Theory  of  Pseudo-One-Dimensional  Systems,"  Physical  Review  P 

11,  20E2  (1975). 

9.  J-P.  Gallinar,  "Thermodynamics  of  an  Extended  Hubbard-Model 
Chain.  II.  Strong-Coupling  Limit,"  Physical  Review  B  11 ,  EE21  (1975). 

10.  T.  Tonegawa,  H.  Shiba,  and  F.  Pincus,  "Thermodynamics  of  the 
Impure  Classical  Heisenberg  Chain,"  Physical  Review  B  E683  (1975). 

11.  P.  M.  Chaikin,  P.  Pincus,  and  G.  Beni,  "reierls'  Transitions  in 
Alternate  Lattices,"  Journal  of  Physics  C:  Solid  State  Physics  8.,  l/v 
(1975). 
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12.  P.  Pincus,  "Basic  Principles  and  Concepts  in  the  Physics  of 
Low  Dimensional  Cooperative  Systems,"  in  Low-Dimensional  Coopera¬ 
tive  Phenomena.  J.  T.  Keller,  Ed.,  (Plenum,  New  York,  1978)  pt .  1-21. 

13.  C.  Rettori,  D.  Davidov,  and  H.  M.  Kim,  "Crystalline-Field 
Effects  in  the  EPR  of  Er  in  Various  Cubic  Metals,"  Physical  Review 
E  8,  5335  (1973). 

18.  R.  Orbach,  "Electron  Spin  Resonance  in  Superconductors,"  Physics 
Letters  87A_,  28l  (1978). 

15-  R.  Orbach,  "Energy  Transfer  and  Anderson  Localization,"  Physics 
Letters  88a,  1*17  (1978). 

16.  R.  Orbach,  M.  Peter,  and  D.  Snaltiel ,  "The  Magnetic  Resonance 
of  Dilute  Magnetic  Alloys,"  Archives  des  Sciences  27.,  l8i  (1978). 

17-  0.  Beni  and  P.  Pincus,  "Thermodynamics  of  an  Extended  ;:ubb°ri 

Chain.  I:  Atomic  Limit,  for  the  Half-Filled  Band,"  Physical  Rev: 

’  9,  296 3  (1978). 


Beni,  P.  Pincus,  and  J.  Kanomori ,  "Low  Temperature  Properties 
of  the  One-Dimensional  Folaron  Band.  I.  Extreme  Band-Narrowing 
Regime,"  Physical  Review  B  10_,  1896  (1978). 

19-  U.  Bernstein  and  F.  Pincus,  "Thermodynamic  Properties  of  the 
Dimerized  Half-Filled-Band  Hubbard  Chain,"  Physical  Review  B  10, 

3626  (1978). 

20.  G.  B.  Arnold,  "Upper  Critical  Field  and  Critical  Temperature 
for  Superconducting  Alloys  Described  by  the  Anderson  Model,"  Physical 
Review  B  10,  105  (1978). 

21.  S.  E.  Earnes ,  "Pine-Structure  Splitting  of  a  Localized  Moment 

in  a  Metal:  A  Diagrammatic  Analysis,"  Physical  Review  B  Q_,  8789  (1978 

22.  G.  Beni,  "Peierls  Transition  in  a  Quasi-One  Dimensional  System," 
Solid  State  Communications  l'~ ,  269  (1978  ). 

23.  C.  F.  Coll,  "Excitation  Spectrum  of  the  One-Dimensional  Hubbard 
Model,"  Physical  Review  B  £,  2150  (1978). 

28.  0.  Entin-Wohlman ,  G.  Deutscher,  and  R.  Orbach,  "Anomalous  Spin- 

Flip  Lifetime  Near  the  Heisenberg-Ferromagnet  Critical  Point," 

Physical  Review  B  11 ,  219  (1975). 

25.  G.  Beni  and  C.  F.  Coll,  "Thermoelectric  Power  in  Half-Filled 
Bands,"  Physical  Review  B  11 ,  573  (1975). 
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26.  J-M.  Moret ,  R.  Or  bach,  M.  !  <-tor,  . 

W.  Zingg,  R.  A.  R.  Devine,  uni  !i. 
Relaxation  Narrowing  of  the  Fiat  ’’t ni'-tcrc 
of  Pd,"  Physical  Review,  !?  1  i. ,  '"'OP  <  19,’' 


27.  F..  Fryne,  "Magnetic  Mel  !  ' 'r. 

in  Ant i f erroroagnet s , "  Physical  Review  K 

28.  C.  Hettori,  H.  M.  Kin.,  P.  Chuck,  ".n'i 

Behavior  of  Parainagnet  Le  Tons  ate:  rc’.  jrt  i  *. 

metallic  Compounds  :  Odvl.ui  _VA1  •>,”  si "a: 


29.  G.  Beni,  "Thermeelec tr  i  Power 
Chain  at  Arbitrary  Electron  T'o>:r  >  fy  • 
B  10,  21.86  (iQTlil. 


!  hr-  .'or  *  vj 


NR  318-03  U ,  Rockwell  Science  tv-rtP''.  .  •• 

PbSnTe , "  P.I.  -  Dr.  John  Cape,  'pwj  --  ir  '  •  r> 

This  program  will  study  convent  i-.nsl  >.  -■  r  1  •  - 

grown  epitaxial  films  in  vacs  :  ,  study  r  he  st  -•.?*  •'  tv.r 

induced  scattering  from  .  y.ide  gr* -v*.  :  'r.  the  :  In  t 

with  ESCA  data,  and  will  study  the  spectre  er  ■>vp.p .  roc  1 
thin  film  of  Pb  or  other  metal.  Progress :  Honan  ett’di^r  ‘ 
have  indicated  that  Te  precipitates  •.-.re  'P  >-n  a!  ru**f« 

PbSnTe .  Scattering  from  Te  and  '"e'V  >.•  r  1  err.  •  1 . rv*  : . 

signals  from  suitably  etched  FbFrllV  ar“!c<-  ;  •  r  :  <■  a’-  '■  i n  : 

the  presence  of  Raman  scattering  f*-  :r.  •  v  ’■  /  re  •:  w  -  rt  - 

from  the  !/)  zone  center  phonon. 


NR  318-017,  Naval  Weapons  Center,  "!• 
of  Solids,"  F.I.  -  Dr.  Victor  Helm 

This  program  will  utilize  the  NWC  fa 
Radiation  Project  to  study  the  ultra 
1i-25eV,  and  the  deep-lying  cr>v«  ctat 
excitations  in  tiie  ?5-300eV  range, 
on  the  materials  OaAs,  TnP,  Pi,  f, 
mentally  determine  the  energy ,  symnr 
parameters  of  interband  criticu-'  noi 
band  gap,  to  seek  experiment  al  evi 
exciton  or  electron— elec’  r,  r  ■ u  : •  -ml 
fundamental  gap,  and  exam  in*  •  i.< 
near  their  bulk,  ami  surface  rliour.on 
emissive  total  vie  Id  menrur<-;r.er.».s  we 
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NR  318-020,  Naval  Out  fa  ■.  We  a;  .  i.r  ’■ 
Magnetophonon  Effect  r  j*  ’"ei  !  -  !■  - ' 

Burke 

Magnetophonon  renonaroer  >  a  >;>•  -.Irr' 
electronic  stater,  in  a  n  •  rn<" f  i  >•  > 

with  which  the  elect  mne  ini-pi  vi  , 
the  phonon  frequency,  wc  is  the  e.vcl 
integer.  The  effect  is  measured  as 
for  the  semiconductor  and,  very  imps 
involved  in  the  tranrspco-:  p»--vpe-t  ;»•; 
studies  on  trie  i  ’  t .  f.  ■ 

carrier  density,  ’at.1  ice  •  > . 

measurements  will  he  •  ■■■-■• 
semiconducting  alley  s.v s  ■  .  '_y  • 

have  been  observed  bet. «•?••!; 

SripQTe  and  PbTe.  T'hou,  •*  •  r;> 
calculating  the  me.-:-:,-'  •  •:  -  •'  • 

of  the  magnet  >resi  u-<  ■  :',■■!  . 

measuring  the  heavy  carrier  effort  ; v 
dependence  of  •<  Han.  :••• 


Ar.  .'x:  •  :  t  a  i  an  :  •  h.n  r>»t  r.t  udy  will  he  r::ule  of  various  :r.n4 

:  i.-i.  the  ntv  .\urt ai  i  i  nt  ormetu!  3  ie  compound;: ,  :  •<>]  yphus<- 


sus  j -7  ion:;  and  n  intertai  mixtures  to  determine  their  physical  t  r  pert ;  o: 
that  infliwi.’O  the  parameters  suitable  for-  yielding  larre  n .agr.e*  .  - 
riot  ion  while  preserving  good  conductivity  and  structural  prcp*-ri  :er 
r1  ;r  transducer  application.  The  materia]  s  will  be  prepared  a:, : 
checked  for  their  magnetic  properties  by  Kossbauer  analysis,  by 
strain  fauces,  by  conventional  torque  and  direct  mcvemerF  measure- 
meats,  Progress :  In  terbium-iron-yttrium  (TbFeY)  alloys,  at  small 
concentrations  of  Y,  the  magnetostriction  drops  linearly  with 
increasing  Y.  At  a  critical  concentration,  the  magnetostriction 
drops  to  zero.  It  has  been  shown  in  torbium-iron-cobalt  (TbreCo) 
that  the  rhombohedral  deviates  strongly  in  a  nonlinear  fashion  as  *.}.•■ 
cc.r.cer.trat ion  of  Fe  or  Co  is  varied.  The  underlying  mechanism  for 
this  change  is  just  the  dependence  of  the  Curie  temperature  on  the 
alloy  concentration.  The  magnetostriction  ccr.es  almost  exclusively 
from  the  7b  sublattice,  which  dominates  the  magnetostriction  cf  the 
transition  metal  ions. 

Recent  Publicat ions : 

1.  A.  E.  Clark,  <T.  R.  Cullen,  and  E.  Callen,  "Rhombohedral  Magr.eto- 
s+rict,ive  and  Magnetic  Materials,  Distortion  of  Highly  7b  Alloys", 

Proc.  of  Conf.  on  Magnetism  and  Magnetic  Materials,  1975- 

2.  R.  Abbundi,  R.  1’egnan .  J.  -J.  Rhyne,  and  D .  G  we  per ,  "Hyp* 

Fields  in  the  Absence  of  Magnetic  Order  in  DyGc  Alloys"  •  '  oaf. 

on  Magnetism  and  Magnetic  Materials,  1975- 


NR  318-0214 ,  General  Electric  Corporate  Research  and  Development 
Center,"  Improved  Permanent  Magnet  Materials,"  r.I.  -  Dr.  J.  J. 
Becker,  N00011*-7I*-C-0271 

The  coercive  force  in  high-anisotropy  materials  will  be  investigated 
in  order  to  supply  a  basis  for  the  development  of  permanent  magnet 
materials  surpassing  the  best  in  existence  today,  all  of  which  are 
now  based  on  Co5Gm.  Present  techniques  are  sensitive  enough  to 
permit  the  measurement  of  magnetization  and  hysteresis  behavior 
of  single  microsample  particles  in  great  detail .  Further  informa¬ 
tion  on  the  nature  of  the  defects  responsible  for  nucleation  events 
in  single  particles  will  be  obtained  by  analysis  of  magnetization 
behavior  and  its  dependence  on  various  physical  parameters, 
especially  temperature.  Progress :  Very  tiny  samples  from  bulk 
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sintered  Co5i'm  rr.ag:.e‘s  neasutiv  •  . ;  :  ...  Lev  !  t:  my  a,  - 

sat  I  on  phenomena  previously  seen  c  r  :y  i  n  nineie  purtiei*..,  j  re!  a.-.  • 
from  east  materia].  These  phenomena  i  r.e  I  :h  magnet  izat  ion  disco:. - 
tinuities,  a  quantise":  dependence  of  nac  lea*,  inr.  fields  or:  magnet  1 1 :. 
fields,  an  angular  2/eosO  trappeu-wa.ll  dependence,  anu  on  occasion 
a  completely  rectangular  hysteresis  loop.  Thus,  idr  the  firr.t  t  •  me 
a  strong  link  lias  been  established  between  earlier  reversal  n.eeh'u.''  • 
studies  and  the  behavior  of  bulk  l'c5f-m  magnet  s. ,  r.am*:  ie'.'oet- 
nucleated  reversal  behavior  being  observed  in  both. 

Recent  Publications: 

1.  J.  J.  Becker,  "Properties  of  Microsar.ples  or'  Sintered  Ccbal'1- 
Samarium  Magnets,"  presented  at  20th  Annual  Conference  on  Magnetism 
and  Magnetic  Materials,  San  Francisco,  AIT  Conference  Proceedings 
2U_,  676  (1975). 

2.  J.  J.  Becker,  "Origin  of  Coercivity  in  Cobalt  -Hare-Earth  ''antic.: 
and  Sintered  Magnets,"  University  of  Dayton  Symposium  on  Cryst a ; 
Anisotropy  and  Coercivity  of  Rare-Earth-Trans: tion-Melal  Alleys, 
Dayton,  Ohio,  Oct.  17,  197^. 


NR  318-027,  Massachusetts  Institute  of  Technology,  "Magnetic 
Semiconductors,  Detectors,  and  Electronic  Devices,"  T.I.  - 
Dr.  George  Pratt,  110001^-75-0-0785 

Use  is  made  of  new  models  of  many  electron  systems  in  magnet. ic  su] id 
in  order  to  determine  their  points  of  transition  from  metal  to 
insulator  and  conditions  of  spontaneous  magnetization.  Calculations 
of  energy  levels  associated  with  deep  traps,  defects,  and  impurities 
are  calculated  by  means  of  cluster  techniques  of  energy  band  theory. 
The  magnetic  after-effect  will  continue  to  be  investigated  as  a 
sensitive  detection  scheme.  Progress :  The  electronic  energy  levels 
associated  with  vacancies  and  interstitials  in  PbTe  have  been  calcu¬ 
lated  using  the  Johnson-Slater  cluster  method  with  a  Pb^Te^  cluster. 
This  is  a  SCF  relativistic  calculation  and  the  results  are  similar 
to  those  reported  earlier.  Agreement  with  the  previous  Parada-Pratt 
first  principles  calculation  using  conventional  band  theoi'y  is  also 
good . 

Recent  Publications: 

G.  W.  Pratt,  "Production  of  Quasistatic  High  Magnetic  Fields  by 
Switching  Low  Voltage  d.c.  Generators",  IEEF  Trans,  on  Magnetics, 
MAG-10,  201  (1971*). 
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NR  3l8-039>  North  Texas  State  University,  "Investigation  of  Optical 
Biasing  on  the  Quantum  Transport  Properties  of  Semiconductors," 

P.I.  -  Dr.  David  Seiler,  N0001U-76-C-0319 

The  investigator  will  study  the  quantum  transport  of  electrons  and 
holes  generated  by  optical  irradiation  in  the  presence  of  high 
electric  and  magnetic  fields.  During  this  study,  new  tools  will 
be  developed  and  utilized  to  provide  information  on  determination 
of  the  non-equilibrium  electron  temperature  and  the  effect  of 
laser  irradiation  upon  this  temperature,  to  determine  the  transient 
effects  of  the  Shubnikov-de  Haas  and  magnetophonon  resonance  effects 
in  pulsed  electric  fields  and  the  corresponding  energy  relaxation 
times,  and  to  study  the  properties  of  the  non-equilibrium  carriers 
through  spin-splitting  of  the  Shubnikov-de  Haas  effect.  Progress : 
New 


NR  3l8-0U0,  Stevens  Institute  of  Technology,  "Research  on  Chalcopyrite 
Semiconductors,"  P.I.  -  Dr.  George  Wright,  N0001U-76-C-0381j 

Theoretical  calculations  of  the  electron  energy  bands  will  concentrate 
on  the  differing  influence  of  these  effects:  the  change  in  the 
chemical  potential  of  the  A-B  cation  sublattices  in  perturbation 
from  III-V  or  II-VI  lattices,  the  effect  of  the  c/a  distortion, 
and  the  effect  of  the  anion  distortion.  This  study  will  utilize  a 
blend  of  symmetry,  pseudopotential,  deformation  potential,  and  k-P 
techniques.  Experiments  will  utilize  piezo-spectroscopy  to  ascertain 
deformation  potentials  and  optical  pumping  luminescence  measurements 
to  ascertain  g- factors.  Progress :  New 


NR  3l8-OUl,  Emory  University,  "Far  Infrared  Optical  and  Magnetooptical 
Studies  of  Semiconductors,"  P.I.  -  Dr.  Sidney  Perkowitz,  1 JOOOlh— 76 - 
C-OU29 

Far  infrared  optical  and  magnetooptical  reflection  and  transmission 
measurements  will  be  made  in  III-V,  II-VI,  and  IV-VI  semiconductors 
and  their  alloys  with  particular  emphasis  placed  upon  the  III-V 
ternary  solid  solutions.  These  data  will  be  utilized  to  investigate 
dielectric  behavior,  coupled  phonon-plasmon  modes,  and  multi-carrier 
properties  of  the  materials.  The  role  of  multiple  coupled  oscillators 
on  the  dielectric  behavior  will  be  investigated.  Polaron  coupling 
and  the  role  of  plasma  interactions  in  narrow-gap  materials  will  be 
investigated.  Progress :  New 
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HR  31  *1-0** C ,  IBM  Pan  Jose  Research  habcru.ti.ry , 
of  Anisotropic  Organic  ;’ol  ids,"  '.I.  -  :  r. 

The  contractor  will  investigate  the  fol  loving:  (  i  )  :\vnt  h*.*;; : ,  !  ur ’. - 
cation,  and  film  and  crystal  growth  of  derivative::  c  f  rMysul :  h> r 
involving  intercalation,  substitution,  and  at  tachr.t-r/  of  ci  :«•  or  .  , 
(.’)  measurement  of  t.ne  conductivity,  themot over ,  and  epee  if  ic 
of  these  crystals  as  a  function  of  temperature;  and  {?.)  interj  r*-t 
the  above  experiments  using  phenomena  oriented  mo  lei  r.  to  provi  h 
insight  into  molecular  and  solid  state  origins  of  electronic  s*  nn-ture, 
metal- insulator  transitions,  densities  of  states,  bandwidth;',  electro!.: 
effective  masses,  anisotropies  and  electron-phcnon  interactions. 
Progress:  New 


UR  31 8— Oil U ,  Western  Michigan  University,  "Magneto-transport  ftuiies 
in  Semiconductors »"  F.I.  -  Dr.  Vi jay  Arora,  U000lh-Tr-C- 

Caleulaticns  will  be  carried  out  on  magnetotransport  effects  it. 
semiconductors  in  the  presence  of  electric  fields  and  thermal  grad i erg  s . 
A  quantum  mechanical  approach  based  upon  the  solution  of  Liouville's 
equation  for  the  density  matrix  will  be  utilized.  Results  will  be 
extended  to  the  cases  of  nonparabolic  bands,  inelastic  acoustic 
scattering,  many  valleyed  band  structure,  and  the  effects  of  high 
electric  fields.  Progress:  New 


RP  n]  1-11-01 ,  OiTKPOOMpro-TVirY,  (F.  A.  Fdel.anck,  PO?  <.QP— '*P1  f: ) 


NR  *19-0t!. ,  National  bureau  of  Ptandardr, ,  Gaithersburg,  "Detection 
of  FI  ect  roir.agne*  !c  Radial  i  ■  r.  by  Array:'  ■  f  Josephson  Junction?,” 
t  .t_  _  p,  f\  Finnegan,  TIA1-'’!15-?^ . 

The  elect,  rodynam.ic  properties  of  small  arrays  of  interacting 
.Vserhson  tunnel  junction?  are  being  invest i rated .  Roth  radiation 
emission  and  microwave  induced  response  characteristics  are  being 
studied.  June*  i  or.  r  are  ho-inr  d  rye!  "net  using  hi  g  b.  transition 
t  em.rerat ure ,  1  arre  enemy  ran  materials.  Progress:  The  hop* 
significant  new  results  achieved  with  large  area  Fh-Ph  oxide-Ph 
tunnel  Jos, erhron  junct  ior.n  were :  ( 1 1  *  he  successful  in  jeoticn- 
lockinr  (with  nr.  external  microwave  source )  on  small  arrays, 

and  (?)  the  firs*  observation  o'’  coherent  emission  from  a  rad  la- 
bin.*’’  t  hr^f'  .’unct  ion  cirrny,  ■''ourl  oi  ♦.  •>  n  micr^wnvp  s  1  r i  t  !  i  n o  . 
Radiation  from  this  array  was  ietect  e-1  at  frequencies  near  •• ,  0 
and  1?  'Hi r. . 

Recent  Pub  1  i  ca‘  :  ••ns : 

1.  T.  V.  Finnegan,  .  Toot  s  and  J .  Wilson,  "Frequency-Dull  ir:r 
and  '’eherent -Locking  in  Thin  Film  Joserhsor.  Oscillators,"  Pro- 
ceedir.gr  of  I.T-l  A  ,  r .  1  Bt ,  ( North-Hoi  1  and  Publishing  Co. ,  (]0?*  ' '  . 


NP  '19-0rs,  t'nivernity  of  Fal i fornia ,  Perkoley,  "Microwave  an  1 
Far  Infrared  fur ermnduet i nr  Pe*  pri  ors  for  furveillar.ee  Jv  stems 
r.j.  _  p.  Richards,,  rpnm.  h_i'">_A-n?  oo_i  o'f  . 

The  properties  of  high  freouen-y,  wide  bandwidth  low  nine  tnra- 
metric  amplifiers  us,  i  nr  Jos.erhsor.  dune*  ions  as.  nonlinear  el  omerJ  s 
are  being  investigated .  Progress,:  Fxrerim.en*  s  a*  9s.'  have 
:hr'wn  fVjr»t.  ♦  Y)o  rr  iro  nrr*  \  >"*  i  f»r. r*v  ■  f  t.  i  x*y*r 

r'‘  nt-'i  i  n  i  T\r  Vh  .Iutv**  'nr  vi*h  *b.*>,‘'rr-4  *.-»•-}]  }  y  ♦irr'.  i  r.*- J. 

vnlu r>r  ,  T'r.  inr  i  'if:*/  wirarrc*4  ri  f  nnli^i^r  *-  ■■■  n*  '!  n  i  r.r  h 

>Jr  ner  hr.^n  .^ursc^fr-n,  r  ?  rr.  i  °nn4  r  nrarrM  r  i  **  r*tir  w  nr  br^rv*-:, 

#rb i  t  i  fi  yo  h i ri/*!’4  jf*ri  ’v  t  wbi'*!.  ^nir.  r  bc^r.  "b r-°w**  i 
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Recent  Publications: 

1.  "Noise  in  Josephson  Fffect  mir.-Wave  Mixers,"  J.  Classen, 

T.  Taur  and  P.  Richards,  Prceeedinr  of  197^*  Applied  rurermr.- 
ductivity  Conference,  Cakbrook,  Til.,  1971. 

2.  "Josephson  Junctions  as  Heterodyne  Refect  or;:,"  T .  Taur, 

J.  Classen  and  P.  Richards,  TFFF  Transactions  on  Mi  cr  ••wave 
Theory  and  Techniques,  December  1Q7-,  Part  TT. 

NR  719-0S7 ,  Massachusetts  Institute  cf  Technology,  ";'ureroon_ 
ducting  Electric  Machines  for  Naval  Propulsion,"  P. T .  -  Ir.  J.  I,. 
Smith,  N000ll-^7-A-0?0l-00^8. 


The  contractor  is  investigating  the  character  i  rt  ior  ex  is4  ir.-' 
super  conduct  i  nR  machines  for  shir  propulsion  and  comparing  4  her. 
with  the  characteristics  of  newly  conceive’,  machines,  fv  r.ew 
machines  concepts  under  investigation  are:  ('.)  cut  error;  iuc*  •;  ng 
machines  having  a  DC  superconducting  field  winding  and  *  v  r.  rr.nl  ly 
conducting  armature  windings,  and  (J)  n  high  eficiero’y  viri-il  ;*• 
speed  ship  propulsion  system  utilizing  AC  suture  t. :  r”  ir,.-  r  4  r, 
and  superconducting  generator.  Progress:  The  rt*>a  :y  .  *  at  *• 
testing  of  an  iron  and  corner  prototype  0  •»  super  •  r.  :;.•••  i r.g  Rial 
armature  motor  was  completed.  A  starting  winding  was  -esirne: 
and  installed  on  the  inner  rotor  of  this  motor.  A  s  ini  1  i  *’i  e  : 
circuit  model  for  this  new  dual-rotor  class  of  m-uehi  r.es  has  beer, 
level  oped . 

Recent  Publications: 

1.  "Multipole  Superconducting  Electric  Motors  for  Chi]  Pro¬ 
pulsion,"  by  P.  Thullen,  T.  A.  Keim  and  J.  V.  Minervini,  TFKF 
Trans,  on  Magnetics,  Vol .  MAO-11 ,  No.  ?,  March  197X ,  pn.  RTT-R. 


NR  119-062,  State  University  of  New  York,  Stony  Brook,  "Super¬ 
conducting  Broadband  Arrays,"  F.T.  -  Professor  J.  E.  Lukens, 
N000ll*-75-C-07^9. 

The  radiative  properties  of  broadband  superconducting  arrays  in 
the  1-1°’  OH?.  frequency  range  are  being  studied.  These  serie.s 
connected  arrays  consist  of  many  thin  film  microbridges  whose 
properties  are  precisely  controlled  by  means  of  electron-beam  and. 
ion  milling  fabrication  techniques.  The  effects  of  array  size  and 
coupling  on  microwave  output  power  and  on  the  intrinsic  array 
noise  are  being,  studied.  Frogress :  A  mor,t  important  result  has 
been  the  observation  of  voltage  locking  between  two  series  connected 
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superconducting  indium  microbridges  vide!,  were  1i.  cl  <  se  pr<  xinri'y. 
Data  shov  the  existence  of  an  internal  synchronization  interaction 
without  need  of  a  cavity  or  external  radiation. 

Recent  Publications: 

1.  "Observation  of  the  intrinsic  noise  of  thin-film  rr.i  crobr  i  dge 
Josephson  functions,"  Appl .  Phys .  Lett.  Vol.  t‘l0,  15  Apr  75, 

P.  P.  Fei  and  J.  E.  Lukens. 

0.  "Use  of  Fluxoid  Quantization  in  the  Measurement  of  the  Induc¬ 
tance  of  Single  Junctions  SQUIDs,"  with  7.  P.  Pei,  J.  Appl.  Phys. 
k6,  2257  (1975). 


NR  319-07?,  The  Aerospace  Corporation,  "Josephson  Parametric 
Amplification  at  Microwave  and  Millimeter  Wavelengths,"  P.I.  - 
A.  Silver,  N000U-76-MP-6O0O7 . 

Parametric  amplification  properties  of  superconducting  Josephs -t. 
junctions  at  microwave  frequencies  are  being  studied.  Parametric 
amplification  is  being  studied  as  a  function  of  critical  current, 
leakage  resistance,  junction  geometry,  and  frequency,  in  order  tn 
determine  the  conditions  for  optimization  of  gain,  bandwidth,  noise 
figure  and  frequency  conversion.  Progress :  Impedance  measurement  s 
were  made  at  9  GHz  on  niobium  superconducting  point  contact  junctions 
in  a  broadband  waveguide  for  the  purpose  of  studying  junction  para¬ 
meters.  Pesults  were  inconclusive  due  to  spurious  reflections  and 
lack  of  an  absolute  reference  impedance.  Alternate  experiments 
are  being  attempted.  Experiments  to  study  parametric  amplification 
at  QO  GHz  are  underway. 

Recent  Publications : 

3.  "Parametric  Amplification  with  Pelf -Pumped  Josephson  Junctions," 
H.  K 'inter,  TREE  Trans  on  Magnetics,  Vol.  MAG-11,  7^9,  197?. 

"Low  Noise  Parametric  Amplification  with  a  Pel f-Fumred 
Josephson  Junction,"  H.  Kanter,  J.  Applied  Physics. 


IJh  319-975,  Ptanford  University,  "Puperconduct  ir.g-Gavi  t 
9scii.lat.or  for  Ultra  High  ft.abil  ity  Radio  Frequency  fou 
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beir.tr  studied .  The  long  tern,  frequency  drift  of  the  SCEO  are 
heinr  compared  tc  a  cesium  beam  frequency  standard  and  as  part 
of  this  study  the  upper  limit  of  the  secular  drift  rate  of  the 
fine  structure  constant  is  being  measured.  Progress :  Recent 
efforts  have  resulted  in  the  following  substantial  improvements 
i r.  the  ECSO  performance  characteristics  at  fi,6  GHz:  (l)  the 
spectral  density  of  phase  fluctuations  have  been  reduced  by  two 
decades,  (?)  the  short-term  frequency  stability  as  measured  in 
the  time  domain  has  been  reduced  by  a  factor  of  PO  tc  f  x 
for  sampl in?  times  between  1  ms  to  10  ms  and  (*»)  the  long-term 
fractional  frequency  dr|ft  has  been  reduced  by  a  factor  cf  four 


Recent  T'uh!  i  on*  i  ons  : 

1.  "Superconducting-Cavity  Stabilized  Oscillators  of  6  x  1Q-If 
Stability,"  S.  R .  Stein  and  .T .  P.  Turneaure,  IEEE  Proceedings 
Letters,  July  197  B . 


SR  319-OBO,  national  bureau  of  Standards,  Boulder,  "Microwave 
and  Far  Infrared  Superconducting  Detectors,"  P.I.  -  D.  McDonald, 
NAONR-3L-75. 

The  high  frequency  response  to  millimeter  and  submillimeter 
radiation  of  superconducting  point  contact  and  tunnel  type 
Josephsr.R  junctions  are  being  studied.  Frequencies  of  up  to 
: 00  THz  are  being  explored.  A  theoretical  study  of  ricosec^nd 
pulse  general  i  r-r.  by  Joser  hs.on  .'uncM-p,?  is  in  r  regress .  Progr^s 
A  rrc*  r'*y;e  law  t-’W>*r  '■'*  i  ’*:  :  r.r ■  e  re  f  re  i  gera*  or  ma!e  of  ror- 
magr.ot.ic  ,  r.  •  —  materials  b  a ,  been  buil*  an  :  m:a  i  n  *  -a  ;  n o  i 

at  :>  R  o.-g  'v»r  ^  t  uro  wi'h  ::  r.  *  i^e-able-  wear.  The  micro— 
scoc  c  rher.om.en  1  gi  .  ’  ]<■  rv  r.-f  *  t. r-  ,T.  rerhsor.  e**fec+  has  beer: 
re  forms:  1  a  -  e  !  s ■  as  *  :  * mm  i +  "■* :  1 1  "  1 1  *i t  '  n  ■  e  t  e  i  n +  r  ^  r  s  i  0 

res  non  *  :m'-  ■?  a  S'  sg’rhsop.  +,:r::r'  ;upr’t  i  '’■r.  when  ,'*o.nrec*ol  * 
ar.  art  i  *■  rary  •  *  i  :*•*•::  *  . 
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P.  M.  Ginsberg,  "f t r sng-'O'upl  i r;g 
it  *ir*  i‘* le  Current  f  a  Sup er- 

r.  :-.arri  r ,  an!  R.  r.  Dynes,  "S1  r  r.g u:  i  it.:’ 
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N?  'iQ-0'Q1  ,  Cali  fern  in  Institute  of  'i'echry  l  -  gy , 
of  FI ec t rorrrurnet i o  r,r.  tv  Arr?*.v c  :■  C  . 

F.T.  -  ,  T .  Vercerern:,  TJO^rv! ~c~f'(Y\  - . 


The  coupling-  between  5 r.d i v i  :ua!  elements  f  ur.  nr-ay 
ducting  ,‘ur.etions  is  beir.g  exam : re  -.  1  •*  >.  « •»>, ;  •  • 

;i 2 1  y  .  Tirirelanoe  *  no  *0ir  v  tn  v.r,,v',  **»•,..  i’i*"*  ‘V  * 

and  sensitivity  are  being  studied.  Progress:  The  sc: 
of  individual  el  emer.*  r-  in  a  sut  ercc-r.  iuc*  i r.<*  ?*'•>•  ier-  nma; 
proximity  couple:  •*  •  cer.hr  or.  1  ur.of i c r.s  have  beer,  f  nr. :  * 
together  into  a  single  eynohrrr.our4  mode  when  \ he  si  a •**.!.> 
f  unci  i  "I’r  is  rale  saj4‘*4i  M  er4 1  v  mall  (e-.g.  less  4  her  4v 
in  arrays  of  "b-Tn  junctions  •'  r  freouer.cier  4  1  UP 

phenomenon  occurs  sror.t  anoously  vi  t  hr-’:*  rv--  r. :  *' 

radiation  or  a  resonar.4  cavi *v . 


Recent  Publications: 

I.  "Poise  Measurements  it:  Tut  erconduetirr  T'rt  ximity  : 
E.  K.  Decker  and  J.  F.  Mercer  eau.  Aril.  Phyr .  he4.4  .  T[ 

P.  "Stripline  Couplinr  to  dosephson  f-r  • : ifotc  vs,"  T. 

J.  E.  Mercereau,  J.  Ami  .  Ph.vs.  ?<’■ ,  lQub  ,  f  [0"r  } . 


IiR  119-OSP,  University  of  Fer.r.f-y  ’  vnr.  i  a ,  -'hi  la  i'T  ph:  a ,  "•  -pi  :  '* 
Excited  furerconductinr  Devices,"  P.l  .  -  1  .  T.  !  ar.ger.berg , 
n00011)-75-C-09Cf . 

The  do  T-V  characterist i cr  of  the  opt i oally-in  duced  weak  link 
are  being  studied  in  several  superconducting  material  p .  "'he 
dependence  of  the  critical  current  or.  temperature,  light  In4  <= 
and  magnetic  field  are  being  investigated.  The  response  of  4 
optically  induced  weak  links  to  microwave  radiation  is  alsc  1 
studied.  Progress :  Using  opt  i  cal  excitation  to  produce  ar.  « 
of  quasiparticles  (i.e.  non-pa i red  el  ec*  rr r.s  '  ir.  thin-film 
superconducting  miorc-bridger.  Ins  4  c  into  p’-n-ed  inconclusive, 
an  alternate  technique,  1  urn  >:  "  urr  ♦unnel  jure4  hr.  e  vapor. a 4  < 
on  a  long  tin  mierebridge  war  use.;,  '..'uarit-ar4  i m  wore  in.u 
t.hr./urh  4he  tunnel  barrier.  ext  er  itrt-r.4  r  wove  su  -cess4’- 

in  denonstr'it  i  r.g  4he  feasihiii'y  ■  f  -ir,  el  ectrical  ly  4  unab  1  •' 
superoouiuo*  ir.g  Teserhnon  weak  link  using  the  me*  hr  5  of  lc  -al 
i n.ieet i-’-ri  ••  f  excess  quasi  part  icier. 
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319-09^ ,  .Massachusetts  Institute  cf  Technolopy ,  ".tynthesi  s  r.  f 
Hiph  Transition  Temperature  All  Fuperconductinr  by  Means  cf-  Ter. 

T  mi  1  nnt  i  or.,"  :  ,T.  —  ''r.  r.' '.p#,v.+  v.  ^-’ese,  M00Q1**  — if— o— QpQT 

Cut st rates  of  !fb3Al  will  be  prepared,  characterized  and  implanted 
with  r-i  ions  ut  various  iosares  and  enerpies .  Measurements  0!’ 
transition  temperature  and  other  superconduction  properties  will 
be  made  as  a  function  of  implantation  temperature  and  initial 
specimen  nreparat i on .  Propress :  Mew. 


e c  e  r.  f  Pub  1  i  c  at  ions: 


”?  ’  1  o-'-'O- 5  1  University  of  Maryland,  "Poise  and  Felaxaticn  Phenomena 
in  .'■‘’ii  is  a+  Tow  Temperatures , "  P.T.  —  Pr.  dosept-  Veber,  NO^O”1 1— — ^*_olpF 

ziXHt.  z.  cn  tin*1?  2.s. ~oc  vi’th’  “th0  noise*  ^nerr  rr;  €*  "t  £.  2.  s.ni  ii  — 

electric  crystals  at  low  temreraturer  will  be  investi rated .  The 
rise  and  C.  of  a  niobium  cylinder  at  low  t  emr  erature  will  be 

e  t  M  ]  i  *~*  1  P v*C,5-T0!’:  r  !  "«PW 


Recent  Pub',  i  cations  : 


NR  1 19-09^ ,  Cornell  University,  "Cuperconduct inp  Detectors,"  •  . I.  - 
r.  Ruhrman,  N000ll»-7^-C-C52f . 

The  electrodynajnic  properties  ar.d  intrinsic  noise  cf  r.uperccnductinp 
quantum  magnetometers  biased  at  rf  frequencies  above  100  MHz  will 
be  determined  employing  both  computer  analysis  and  experimentation. 
Msinr  superconducting  thin  film  indium  weak  links  and  variable 
thickness  niobium  bridges  as  microwave  detectors,  a  detailed 
study  rf  heat i nr  effects  will  be  made.  Prepress :  New. 


Recent  Publications: 
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Vos *. i  not.:  u s o  Electric  ''c  rror'i4  ;-t.  ,  T  ' +  *  r)  ■ ; vv' 4. , 
Vi  rrovave  rimi  t  *  ir.r  Joser-bncr.  fur.ot i  ar.  Arrays , " 

pnom  . 


Th>  ’’'octs  of  cr:  Meal  circuit,  pararse+ers  •  i r.t em r  r.r.ect eri 
•’csernscr.  .‘unction  circuits  will  be-  anal y* :  cal iy  ctudiei.  T 
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Frcoress:  New. 

"ut: 


KP  '19-09? ,  University  of  California,  Santa  Barbara ,  "Transport 
Properties  cf  Nonequi librium  Superconduct  ir.m  Materials, "  F.l.  - 
D.  J.  Scalapino ,  N0C01 L _T 6-C-0S P 'P . 

The  processes  by  which  various  rr.cnec.uil  itrium  ir.stab i  1  i *  i es 
cause  breakdown  in  superccr.  ductcr  r  will  be  studio;.  For  small 
perturbations  from  the  equil  i  briar,  state,  the  uuas  i  part  i  ■'!  e  and 
rhonon  deviations  will  be  corns  are  i  ■’  r  a  v  a  r  i  <  ‘ v  M  •■>'.  '  i  ‘  a*  i  ; 
mechanisms.  Chances  ir.  enemy  car,  transit  i  *  or:  era-  urn  nr. : 
quasiparticle  relaxatio  n  rat  es  will  be  ie*  errr.ir.*-  i .  T  r  so  :  Vow. 

Recent  Publications : 

None 


’19-1000,  University  of  California,  Berkeley ,  ••  1 

Electromagnetic  Radiation  by  fern  i  c  endue  * r  -}•  a  r  r :  *  •  r 
functions,"  F.I.  -  Professor  T.  Van  Purer,  V'  ~ . 

The  current-voltap.e  characteristics  of  surer.'  ran  :vi 

type  tunnel  ,1  unctions  contain! nr  silicon  l arr  *'  vary  ir.r 

thicknesses  and  doping  profiles  will  be  stuiioi.  r  v»* : 

circuit  model  of  the  semiconductor  barrier  will  be  :<*•.•<  i 
usinr  three  series-connected  shunt  pm  circu:*:*  * 
quasi particle  and  displacement  currents.  Prop re or :  Vow. 

Rpcon*  Publications: 
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s  Ive  the  ]  r  *b  ler.  of  ii;|l:f  fraction  an  :  scatter  c  f  elec*  ron.&.'nc-tic  v&ves 
by  a  lielertr:  •  vedye  t  .  er.ab le  calculation  cf  the  rauiati  *:.  proper*.: 
:  f  ileiettri?  antenna  array j  or  c  f  antennas  ir.eortv  ratir.y  i t! ectr :  ■ 

.  a?  veil  as  the  radar  reflect! ■ r  and  KM!  pulse  resy.-cr.re  fr  ::: 

iielectri  5  •  :  Jetts.  The  appro  ach  is  V.  exr&r.i  the  :'iel  :s  vs  an  inter 
of  plane  v-iveo  vith  field  r.at chin.;  at  the  iielectric  surface  a:.  :  dev* 
a  pair  .  coupled  functional  equation:;  hr  the  spectral  density  fur, St 
A  sc  rut  i  -n  is  obtained  by  rr.atchir.y  the  singularities  in  the  fur.cti 
equations ,  yiviuy  a  far.ily  cf  poles  and  branch  cuts.  The  interral 
equations  will  he  solved  usinr  well  known  techniques  sue:;  as  steeper* 
descent  to  extract  the  leading  terms  of  specular  reflect!':.,  ilffrac* 
fields,  shad’- -v  boundary  field,  ar.i  lateral  waves,  thus  rivinr  V  th  a 
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:.’K  v.'atki r.r— vhr.sor.  V  .  ,  Fal< 

and  :<  uric-:  or  strip  Transn: ssior.  1 
i  .  I .  -C .  hr.-vne. 


:  r  para:  ;  r. 
■tr-  iic  .hurt 


The  objective  .1'  this  study  is  t<  perf  rr.  a  theoretical  ar.i  experiment 
analysis  f  p.-ropayati  on  on  sirifle  and  c  -ip.',  ei  microscope  t  rar.sn.isri  r. 
lines,  or.  an  anisotropic  Substrate  such  as  be ron  nitride*  lc-a.ii r.r  t  t: 
aesi/'.r.  <  •'  a  10  di*  iirectiona.1  coupler.  A  the-  retica]  analysis  -  f  pr  -r- 
ayatirr.  in  s.inrle  and  u  n]le:  micre.stri  j  transmission  lir.o-r  •  r.  sub— 
strate  with  ar.iy  tropic  dielectric  constant  ict:  as  1  r  r.  nitrile  will 
he  t.or f'  rr:  o  ;  miny  * o-ohn i  auo-s  such  :.i::  tire  :::*  *h'  1  !'  m  ::.o-n*  s  ,  an  :  v;  1  . 
include  analysis  f  the  rioter::  r  rel  at  i  ■  ns  ,  1  i  r .  *  ■  in  r «  :an-'os  ,  nr.  : 

T  ones.  An  r  timur.  *ho-  ret i c?j  >  iesirr  ft  :•  a  hr-  adbar  i  1  '■  :  : :  :•*•.**  :  .*..* 

oo  ;t:if-r  will  'to  fa!  r  i  -a  *  r  :  ,  an:  experiment  a  .  r.eHS'!Vev.y>.t  s  me: 

*  o  1  rh'  i  m  *  t'r .  o  -  r  *  ■  *  1  '  a  1  analysis.  hr' yres-s  :  !l*-v. 
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,  I  :  v^rv  : 4  y  *'  .  ..:r.  ir  ,  T 1  * :  r.  i  :• ,  ' !  r.v**::4 :  ,'.*r4.: 

:  ’e/t  :  .*  ’  .  I  4  :.r  /.r^r*  ';r»*r  :r:oV'  .’4  *•  . 


i  r.  y  nt-rv'r.f': 


:  ’  y  *  :•**.!  t  >;*chr.  i  ■ : ■  if-;?  vrv. : hfcYf?  1  r-r-r  r.v  — 

the  reader::]'!:1''!  lerr  f  :.c  ur.tere  : . 

Loie:.4.  ,  re:'*'1.-::  '  or  ’ .  c  ;ff:  ci  erf.  .  ~he 

•r.  nr.r’.o  i .■  1  •:  1 i  nr  ,  iv.  particular,  the  ieter- 
;e  :  v  V  ur.  in r  i  es  .  The  :  it':,  freouen ev¬ 


ident.  .  :.e 


btair.e.i  for  ar.y  Vservnti-  r.  nr.r1.  o  i  r. .•  h:  i i  nr ,  :  r.  mart  icular  ,  the  ieter- 
tir.-iti  r.  of  the  field  it  the  v  V  ;r.  -.nries .  The  hi  eh  frequency 

scalar  ai f fract i  r;  hy  arer'  nr.  :  cvlir.  dors  is  f  ~  rmulate 

in  n  rypt-mrat  ic  r.anr.er  ar:i  *  •'  1  nt  i  ,  which  is  va] 1  fr  r  aav 

Observation  anple  was  cT.rsri'  :  vi  *  h  f  r  c*>v  *  r,  results  were  e_;-\ 

stained  :>r  the  di  f frac+e  i  fie]  i  a*  t  h»*  caust  i  cr . 


hi-;  •  ' ,  brown  University  ,  ! 
T’.ii  ie  1  Mc-ie  in  !  1  auar  Ferrite  1 
T.M.  pelle,  UOOOI  !i-Vr-  '-P~;  ^  . 


■  v ;  ie.'..'c,  lerqters,  r  h  arc¬ 

ade  i  ■.•.nve.-uiiinr  ft  rnctures"  , 


The  purpose  cf  this  pr<  rram  is  t.  •  develop  the  the  rv  edre  ruido  : 
movie  preparation  in  ferrite  aded  wavoruides  ,  which  v;  ]  1  Tea  i  4  ptir.v 
design  of  r.icre>strip  devices  such  as  isolators,  phase  shifters,  cir¬ 
culators  and  distributed  unidirectional  microwave  amplifiers.  Prototype 
devices  utilir.ir.r  the  edre  raided  mode  have  been  built  ar.d  are  charac¬ 
terized  by  extremely  wide  band  performance  which  may  be  useful  for  hirh 
data  rate  or  spread  spectrum  ■  muni  cations  ,  or  for  frequency  hoppinr 
or  hirh  resolution  radars,  h  ?r  a  basic  understar.dinr  rf  this  mode 
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is  lacking.  The  propagation  characteristics  of  the  -  west  . r ier 
edge  guided  modes  will  be  determi>  Tor  can  i.ienl  structures  c  f 
increasing  complexity  using  interns:  equati-  n  and  r/i"  matching 
techniques.  Progress :  Numerical  s-  lutionr  *h*  air:  err  ion 
relations  for  surface  modes  on  die'  ectrie-ferrito  interfaces  have 
been  developed.  Comparison  with  th<  experiments :  result  r  r  fir- 
edge  guided  mode  shows  similar  characteristics,  '’-rputer  rr  r rams’ 
were  developed  for  the  surface  mode  wh;  ch  will  t  ec  ;r.e  a:.  :;.t*  t-ral 
part  of  the  more  complex  programs  required  to  analyse  the  >•  :re 
guided  mode . 

Recent  Publications: 

None 

UK  371-OSfi,  University  of  Colorado,  Boulder,  Colorado,  "Fleet  r-  - 
magnetic  Susceptibility  Study  of  Metallic  Enclosures  ana  Flc-et.r . -i. i c 
Circuits",  P.I.-B.C.  Chang,  NOOOld-TC :,1 2 . 

This  program;  will  investigate,  theoret-i  .ily,  the  electromagnetic 
penetration  into  apertured  cylindrical  e:  -leisures  of  circular 
cross-section.  Two  types  of  plane  wave  ;■>  notration  scheme  will 
be  considered,  one  with  the  wave  incident  br  adside  to  the  cylinder, 
and  the  other  with  the  wave  normally  incident  upen  the  end  cf  the 
enclosure.  Tn  addition,  a  theoretical  study  will  be  made  cf  the 
conditions  for  the  existence  of  low-attenuation ,  substrate-attached 
modes  in  electronic  circuits  and  transmission  structures.  The 
excitation  and  propagation  characteristics  of  such  modes  will  also 
be  investigated.  Progress :  Mew. 

Recent  Publications: 

None 

NR  371-089*  University  of  California,  l.os  Angeles,  "Propagation 

Characteristics  of  Arbitrarily-Shaped  Dielectric  Waveguides" ,  P.I.- 
C.W.  Yeh,  II0001 U-7 6-C-0321 . 

Finite  element  techniques  will  be  used  to  obtain  the  propagation 
characteristics  of  electromagnetic  waves  along  dielectric  guiding 
structures  whose  cores  maybe  of  arbitrary  cross-sectional  shape  and 
whose  material  media  maybe  inhomogeneous  in  more  than  <  r.e  transverse 
direction.  The  proposed  methodology  will  be  applies  to  several 
important  problems  dealing  with  practical  optical  filer  or  integrated 
optical  waveguides  whose  cross-sect i onal  index  of  refraction  iistrilu 
tion  maybe  quite  arbitrary.  Progress :  An  efficient  motiv'd  comput 
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the  dispersion  characteristics  and  Poyntin# 
radically  stratified  fibers  usinr  'nly  *•  x 
lias  leer,  developed. 

decent  Pub] ieations : 


‘’lux  distribution  of 
•  matrix  operations 


..‘.r.e 

rip.  372 -i  l? ,  Polytechnic  Institute  of  New  York,  Brooklyn ,  V. .  Y., 

Wave  I  ropagatien  through*  Turbulent  If -nixed  Media"  ,  P .  T .  - 
Marouvitz  N00Clli-7f’-''-0J7o. 

ir*  pa»*atiox,  through  non-]  inear  an  a /or  turbulent  :ia  i  .•  *  ■  ; • 
investigated.  The  general  techniques  being  uev*-'.  pec  hot 
the  wavepackets  as  quasi-particles,  and  treats  the  pro : ora*  ;  r 
through  non-] inear/turbulent  media  usinr  kiretic  equations . 

Progress :  The  areas  investigated  include  electron  bear,  interaction 
with  a  background  plasma  with  generation  cf  electron-acoustic 
waves,  coherent  wave  rr-  racation  in  a  ncn-lir.ear  medium  wh  -  re 
dielectric  constant  is  a  function  of  the  near,  square-  electric 
field  intensity,  wave-wave  interactions  excited  by  hirh  y  w«-r 
EM  waves,  wave-matter  interactions,  and  microwave  scattering 
from  turbulent  plasma. 


P event  Publications : 


D.  Attwood,  "Microwave  Scattering  from:  an  Over ler.se  Turbulent 
Plasma,"  Physics  of  Fluids,  Vo] .  IT,  No.  ( ,  June  .107). . 

2.  i  .  Attwood,  "f'uppressior.  of  Ionization  Waves  by  Hydro-nyt/mi  • 
Turbulence,"  Physics  of  Fluids,  V  o  1 .  17,  No.  h,  June  IQ?)* . 

3.  !I.  Marcuvitz ,  "On  the  Theory  cf  Plasma  Turbulence,"  J  urnal 
of  Mathematical  Physics,  Vol .  15,  No.  (,  June  '.Q'’h . 

NR  371-108 ,  The  Ohio  ftate  University  Research  Foundation  ,  ’■  : um.b  ur  , 
Ohio,  "Fundamental  Investigation  cf  a  Hybrid  Technique  for  Genera  I 
Electromagnetic  fcattererr  an-!  Antennas",  P.l.-G.A.  Thiele, 

M00C1  ;t-?f)-C-0573. 


A  hybrid  technique  of  determining  antenna  impedance  and  racial i  r. 
pattern  will  be  developed  by  unifying  the  method  of  moment r  and 
geometric  theory  of  diffraction.  The  method  of  moments  technique 
for  calculating  the  impedance  matrix  will  be  extended  by  re] urate 


calculation  of  the  contribution  to  the  matrix  elements  from  the 
iir.ef  vh«r°  the  met  hoi  of  moments  and  geometric  theory  '  f 
riffraeti  r.  respectively  apply.  Progress :  Hew 

he  cent  f'utl  lost  ions  : 

'.'one 

NR  I'.'i-hCI ,  Massachusetts:  Institute  "f  Technology,  Cambridge , 
Mass. ,  "Ultra-!  v  Frequency  Radii  Firr.alr",  P.I.-v.F.  Madden , 
riOOOl 

The  purpose  f  this  pres ram  is  to  invert  if  ate  naturally  oe  ..ursine 
IT.F  radiation  known  an  r.vicr  .  r  ulsationr  .  Micrcpul  sat  i  ons  near 
the  Cchur.anr.  Resonance  .'at  -ut  pHs )  van  he  used  tc  detect  larre- 
ionospheric  dirt.urbar.ces  me  *  ■  polar  cap  ahscrpti  or.  (PCA), 
su  Men  ionospheric  disturbances  (PII  )  events ,  and  nuclear  blast. 
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the  ■?  n  :uet  iv  i  t  y  in  tempera*  ur**  h-i.ei.  .  The  ‘■•art:.  ■  r.  ..  o*  i  vi  ■ 
pr-  file  is  an  important  factor  ir.  FI  F  •u.ter.r.a  ri*ir.r  site  'he 

\v  increases  with  decreasing  car;:,  cr  u-luvt  i  vi  ty  .  :  rf  pro:. 

A  u  ty  :  electrical  c-  r.  lucti  vity  struct  ..rt  r  ir.  !!*  v  F:..-I  ar.  :  .sir 
I  r.>  lit.es  and  lew  frequency  maonetr-tel^ur  i  cs  has  teen  c  :■  r  !  e4  .• 
A  very  th  ivurh  treatment  of  the  error  ar.olyr  .r  and  the  stosial 
;  r  1  less  •’  /'<->r.Mr.ir.f  map  net  'tellur  1  <:  da*  a  •  llee’e:  fr  r  vi  :<• 
hn  esse:  a  r<  -a  r  were  considered.  The  el 'j*  'Me.  •  :  *■:".•••  : 
were  ctr-  t.siy  affected  by  the  cent i tier.*  — •  '■'•it!,  t -use  >■:  IT?' .  ,  !  s. 
ctrcr.f  o  i,*e  effects  were  also  found  at  the  western  e*.  :  :  t  ;.e  an 

Recent  •  .hi  i^at  ior.r  : 
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The  use  of  reaetively  loaded  antenna  arrays  tr  fort.  ar.  :  steer 
directive  beams  will  be  investigated.  The  effect  of  the  pr-per 
choice  of  the  reactive  loads  in  influencing  the  frequency  bar.  :- 
width  will  be  investigated.  Characteristic  modes  cf  the  antenna 
structure  are  used  to  synthesize  a  desired  pattern ,  or  f  -pir.i 
a  given  parameter,  and  then  to  resonate  the  current  by  reactive- 
loading  of  elements.  Progress  :  Good  results  have  leer.  •  1  tair.e  j 
on  small  reactively-loaaed  linear  and  circular  arrays  f "  r  forming 
di recti ve  beams  and  scanning  them  by  varying  the  reactive  \<  a-:r . 

Such  arrays  have  the  following  advantages  over  conventional  phase 
array  antennas:  (l)  Only  one  element  is  fed  by  the  transmitter, 
hence,  matching  the  array  to  the  transmitter  is  accomplishes  by  a 
single  one-port  matching  network.  (?)  Pc  transmission  lines  are 
connected  to  the  remaining  elements,  their  excitation  being  ob tair.e  : 
from  the  electromagnetic  interaction.  (3)  Control  of  the  directive 
beam  is  obtained  by  reactances  which  can  be  varied  by  electronic 
means.  (U)  All  mutual  interactions  between  elements  are  accounte.: 
for  in  the  theory,  and  in  fact  are  necessary  for  proper  control,  of 
the  array.  Techniques  for  mazimixing  endfire  gain  of  a  linear 
array  have  been  developed.  Mathematical  techniques  for  the  analysis 
of  a  non-linear ly  leaded  multiport  antenna  structure  was  developed, 
including  the  effect  of  imperfect  ground. 

Recent  Publications: 

1.  R.  F.  Harrington  and  J.  R.  Mantz,  "Reaetively  Loaded  Hirective 
Antennas",  Technical  Report  7^-6,  September  1971. 

2.  Y.  Chang  auc  R.  F.  Harrington,  "A  Surface  Formulation  for 
Characteristic  Modes  of  Material  Bodies",  Technical  Report  7l-7, 
October  197!-. 

?.  H,  K.  Schuman  and  P.  F.  Harrington,  "A  Low  Frequency  bxpansi'i. 
for  Characteristic  Modes  of  Conducting  Bodies",  Technical  Report 
75- t,  August  1975. 


1.  P.  F.  Harrington,  R.  F.  Wallenburg  ana  A.  h.  Harvey,  "Resign 
of  Reaetively  Control  led  Antenna  Arrays”,  Technical  Report  ”5-- , 
September  1975- 


5.  <!.  Luzwick  and  R.  F.  Harrington,  "A  C'-mparis'-r.  of  pt.imizat  ior. 

Techniques  as  Applied  to.  Gain  Optimization  of  a  Reaetively  Loaded 
Linear  Array",  Technical  Report  70-1,  Pel  IG'.’O 


6.  7.  K.  fafkar, 

of  IJonli nearly  !< 
\  Apr  197(1. 


.  Ve i ner ,  a:.  ;  !• .  F.  Harrington ,  "Analysis 
I.'-l  i  -rt  Ar.ter.r.a  Si.  nurtures”,  Technical  !  or  ■  rt. 
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hr  02:-oi-cr,  i'fa-:k  raptatit:;  F::;v:i-cr;vF:riT  fDr.  h.  w.  Kuiiarsey,  . 

6  02 -1-2  ].2/].5/l6) 

!’!-  jP'-i-OCl,  University  of  •  :vs  ,  -  va  City,  T«.wa,  "'','>:r.rs:ni  cat :  •  r.r 
Polar  Radiations  in  Hear  ;’tace,  Interactions  with  the  Mnrr.'-t  '  ::r !. 

2  I  nosphere ,  &  FT  feet c  or.  r.’aval  'Tmmunicuti  nr,”  :  .  1 . -J  rt  fees  r 
A.  A.  Van  Alien,  TOCOI 2-76-  '-CO  1 A . 

Emphasis  ir.  or. :  corpuscular  radiations  trapped  rr  transient  ly 
present  in  the  earth's  marr.etic  field,  and  solar,  interplanetary 
and  terrestrial  phenomena  associated  wit),  these  radiation 
solar  flares,  aurorae,  reomapr.etic  storms ,  heat, i nr  •'  f  the  atm •  rrh 
ar.d  ionospheric  effects  of  particle  precipitation! ;  er.erret  i  .■  r  1 
electrons;  solar  x-rays;  very  lev  frequency  (V..Y)  ra ;  i '  pher.'T  .er.a 
in  the  magnetosphere ;  radio  frequency  emissions  fr-m  the  run  on: 
flare  activity;  and  interactions  of  the  s  lar  vind  vith  the  rr.a-cu- 
sphere.  Prepress  :  HAWKEY?!  I  war  Jaurehe :  an  :  all  scier.t  i  fio  in¬ 
struments  are  operating  perfectly.  lata  is  \  eit.i*  taker.  -’r  r  *  :.• 
energetic  particle,  electric  and  mart.etic  fiel  !  experiments  an: 
red’.eeo  to  &  preliminary  master  science  data  tare  in  real  time. 
The  entire  data  acquisition  an:  re-duct  i-.  r.  system  is  settinr  a  :/v 
standard  for  the  efficient  and  rapid  handlinr  o.f  data  from  a  saV 
Irelinir.ary  papers  on  the  scientific  results  of  these  experiments 
ir:  the  polar  cusp  region  of  the  marr.ot.c sphere  have  been  reported. 

Recent  Publications: 

1.  F..  T.  "arris  and  .T.  A.  Van  Alien,  "Effects  of  Interplanetary 

Shock  Waves  on  Enerrctic  Charred  I  articles”  ,  c .  Geophys .  Fes .  , 
79,  157-2 17. 3,  1972. 
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"F  :?-'-CGv,  University  cf  California,  I.r  r  Angeles,  'a’.., 

”  h.mmun  i  cat  ions  :  Magnet  -spheric  fubstcrms",  i.r.-!:'. 

McFherron ,  IJ0C01  t-bp-A-CPOO-hOlc . 

Around  and  satellite  magnetic  field  data  will  1  e  *  i 

parameters  of  models  of  field  aligned  current  -  :ur::.g  *  ,*r  w*  : 

phase  cf  a  substorm.  Studies  cf  sub  stem  magnet  iv  ,rlaf; 

will  continue.  This  work  includes  improvement  r  in  ,.r  at  i  *-.  :<■ 
magnetic  mapping  procedures,  improvements  in  the  p  urometer i mat i 
f  sub  storm  growth  and  expansion  phases,  an!  appl  i  cat  '  th-o- 

improved  procedures  to  a  large  set  of  computer  i  ten*  i  e  :  c.dr*. 
expansions.  An  attempt  will  be  made  to  determine  ; what  man:.*  r 
partial  ring  current  development  precedes  major  rulst  rr  f-xran.  : 
and  how  frequently  a  major  expansion  causes  further  ring  :orr<-:g 
enhancement  luring  the  expansion  phase.  Progress :  ft  .:iec 
gre  ur.d  and  satellite  signatures  of  multiple  or. set  rt  rmr  hug 
shown  that  the  near  earth  plasma  sheet  thins  pri>  r  t  r.set  f • 11  tv* 
by  a  rapid  expansion  in  response  to  each  onset  while  in  th>-  :lr*  ur.* 
tail  the  plasma  sheet  thins  following  the  first  r.se*  a:.:  expar.  is 
■nly  after  the  lac*  of  a  sequence  ■■  f  onsets. 

Recent  Pubi ications  : 


1.  Russell,  C.  T. ,  McPherror: 
cause  of  geomagnetic  storms". 


,  F.l  .  an:  hurt  n, 
f  .  heophvs  .  Roc  .  ,  7°  ( 


Hauer,  ?.R.  and  McFherron,  R.R.,  "Mapping  the  local  tirr.e- 
versal  time  development  of  magnet  ospheric  subs  terms  at  rr.ii- 
i  tubes" ,  f.  9e-  phys .  Res.  ^  P  8-11 ,  19"1-. 


•flatter,  '.R.  and  McFherron,  R.R.  ,  "Variability  of  mid-latitude 
magnetic  parameters  used  to  characterized  magnetospheric  substenns", 
f.  Oeophys.  Res.  79  (19),  2698,  197*-. 


Horning  ,  R.R.  ,  McPherror.,  F. .  I. .  and  Jackson  ,  D.P., 
f  linear  inverse  theory  to  a  simple  current  mode]  -~f 
spheric  cubctorm  exp  ansi  -r." ,  f.  Aeephys .  Res.,  7°  ( V- 


"Application 
the  magr.et  ?- 

c'-no  log’;. 

>  ‘  ~  *  » 


’■> .  ';tar. ,  M.*I .,  McPherror. ,  K.h.  and 
L  tf  erf  !  ar.et.  ary  magnetic  field  effect 
'•  fQ'Tuys.  ;w-s . ,  "f  ;  1 ) ,  ’  91 ,  1 9" 9 
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?J.:-C£;£ ,  Lockheed  Pale  A2tc.  Research  Lai ,  laic  Alt-; ,  Z&2 .  , 
"Davy  Kr.virc-nr.ent :  Magneto-Ionospheric  Plasma" ,  P.I.-Dr. 

E.O.  o  he  I  ley ,  ’lOOC:  4-75-C-0099 . 

The  experiment  is  ar.  energetic  ion  mass  spectrometer  ar.i  a  multi¬ 
channel  electron  spectrometer  which  measures  low-energy  ions  ar.i 
elections  in  the  range  from  a  fraction  cf  a  keV  to  at out  30  keV. 
The  opportunity  to  use  heavy  icr.s  as  tracers  to  prole  mass  ar.i 
charge- dependent  r.agnetospheric  processes  will  furnish  a  r.ew 
technique  tc  study  the  still  unknown  mechanisms  responsible  for 
the  energization  and  transport  of  ir.agnetospheric  plasma.  A 
measurement  with  higher  sensitivity  and  letter  mass  resolution 
will  be  performed  ar.d  extended  to  energy  ranges  net  covered  in 
tl.e  previous  experiment.  The  possibility  also  now  exists  of  per¬ 
forming  active  experiments  in  coordination  with  chemical  releases 
planned  by  TLA,  KASA,  and  the  Max -Planck  Institute  cf  Germany . 

I rogress :  Construction  of  instrument  is  proceeding  according 
to  schedule. 

Re cent  1 utli cat ions : 


313-031,  Cornell  University,  Ithaca,  Tew  York,  "Communications: 
Electrostatic  Waves",  P.I.-Dr.  M.C.  Kelley,  N0C014-75-C-C780. 

A  vector  electric  field  measurement  has  been  designed  and  built 
tc  be  flown  on  an  Air  Force  satellite  0 3-3  expected  to  be  launched 
this  year.  The  launch  into  a  polar  orbit  with  an  apogee  of  5000 
miles  will  enable  vector  electric  field  measurements  in  a  pre¬ 
viously  unexplored  region.  This  launch  is  part  of  the  DoD  RTF 
Plight  74-0.  Progress :  Electric  field  data  from  satelite  observa¬ 
tions  has  revealed  an  isotropic  electric  field  vector  at  ECO  km 
in  the  high  latitude  regions  which  is  not  coincident  as  had  been 
previously  reported  by  others.  The  region  of  this  trubulent  electric 
field  is  in  good  agreement  with  that  of  ionospheric  plasma  turbulence 
as  deduced  from  scintillation  of  radio  stars  and  measurements  cf 
spread  F.  An  additional  mode,  not  electrostatic,  is  due  tc  the 
electric  component  cf  an  electromagnetic  wave  giving  an  observed 
emission  of  ELF  hiss.  Observations  of  intense  low-frequencey 
electric  field  fluctuation  near  the  magnetic  equator  are  correlated 
with  spread  F  at  equatorial  ground  stations  suggest  ionosphere 
electric  field  turbulence  is  caused  by  same  instability  responsible 
ir.  the  high  latitude  case. 
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Recent  Pub 2  icatior.s  : 

v . K .  Hudson ,  M..C.  Kelley,  "The  Temperature  <>raiier.t  Lri  ft 
instability  at  the  Eauatorward  Rare  ■: f  the  Ionospheric  •  lar.ma 
2  rough"  ,  R  ■  !e-  pkys  .  Pee,  (in  press  ' . 

KK  if .<-0 .v? ,  McDonnell.  Douglas  Astronautics  To  •  ,  Kur.t  it.,"'  r.  Ren 
"Ccmraunicatior.s :  Quantitative  Global  Monel  Tor.  sbr.f-r 
R  lee  trot.  Density",  P.T.-V.P.  Olson,  II0001  . 

A  quantitative  model,  global  in  extent,  will  be  developed  * 
predict  ionospheric  electron  density  using  tnoni tored  data  fr.m 
ground  stations  and  satellite  systems  such  as  fCLRAP  and  TPM T. 
Polar  electromagnetic  fluxes,  fluxes  cf  charred  particles  ir.tc 
the  ionosphere  will  be  used  to  input  this  mode.  Progress : 

V.'.irk  is  progressing  or.  schedule. 

Recent  Publications : 


DR  TPi-CvO,  Stanford  Electronics  I.aboratcry,  Ptar.fcrd,  Pal., 
"..'onir.ur.ications  .  VLF/ELF  Propagation  Effects",  r.  1 . -Professor 
V. .  A .  Pel  live  11 ,  :;000l4-67-A-0112-C012  . 

To  study  the  effects  of  vave-ir.cuced  particle  precipitation  cr. 
VLF/ELF  propagation  in  the  earth-icr.csphere  waveguide,  available 
experimental  data  on  whistler-induced  perturbations  will  be  used 
tc  develop  a  physical  model  cf  the  perturbation.  From  this 
physical  model  an  electrical  model  will  be  derived  tc  explain 
the  observed  perturbations  (up  to  6db)  in  VLF/ELF  signal  strength. 

A  model  of  magr.etcspheric  duct  propagation  will  also  be  developed. 
This  model  will  be  used  to  predict  the  whistler-mc de  field  inters  it 
at  a  given  ground  observation  point  from  a  giver,  transmitter. 
Progress :  Artificially  stimulated  VLF  emissions  (APE)  are  triggers 
in  the  magnetosphere  by  whistler  mode  signals  from  transmitters. 
These  emissions  may  be  separated  into  two  classes,  rising  and 
falling  in  frequencey.  Several  hundred  ARE  have  been  analyse. i  1 y 
East  Fourier  transform.  Averages  taken  over  many  events  i:.  Monte 
that  both  rising  and  falling,  tones  show  the  r.ar.e  initial  1  ehnv  i  r . 
The  emissions  begin  at  the  frequency  of  the  triggering  sign a  1 
rather  than  at  an  offset  frequency .  Roth  toner  initially  rise  in 
frequency,  falling  tones  reversing  slope  at  a  point  ■  r—  •  v  iir.  al .  ve 
the  triggering  signal. 


PHYSICAL  ELECTRONICS 


45 


,  Ph  Ji.  BLANK  -NOT  FI 


o:  l-Q.'-Cl ,  PHYSICAL  ELE<'’7r:0ri I C:.  (Dr.  David  !•..  Ferry ,  .  n:- 


Mh  VA  -OOP,  IK'!  T.  J.  Watson  Research  Center,  "Electronic  structure 
an i  Properties  of  the  Oxides  of  Tetrahedral  f'emiecr.ductore , "  1. 1.  - 
Dr.  foerates  Pantel  ides  ,  !J0C0lD-7()-C- 

The  oxides  of  the  tetrahedral  semiconductors  (f-iGy,  Te'lp  ,  Tn Op  an  i 
the  Ah' .'{.-type  oxides  of  the  AB-type  compound  semiconductors ,  e.g., 
AlPOl, ,  GaAsOl ,  etc.)  are  important  technological  materials  used 
widely  in  the  fabrication  of  electron  devices.  Their  crystal 
structures  are  generally  complicated  and  the  overall  symmetry  is  lov 
:;n  that  theoretical  studies  of  the  properties  of  these  materia! r 
have  Veen  very  limited  in  scope.  In  this  program ,  a  the:. re*  load 
invest  i r.atien  of  the  properties  or  these  materials,  will  be  carrie  i 
ut  using  hot.:,  conventional  and  newly-developed  techniques,  rarti-- 
1  ar !  v  suited  to  the  situation  and  exploiting,  corny  lemer.t ary  asyu-ctr, 
f  tig.  it -binding  pseudopctential  metho  hi.  This  invest i gat  ion  will 
include  tdu  energy  bands,  x-ray  photoer.i sr. i on  speccua,  op*  ical  aVc  r 
♦  i.- !.  spectra,  x-ray  emission  and  absorption  sp-ctra,  dielectric 
functions,  effective  charges,  elastic  constants,  stability  of 
structures,  heats  of  formation,  the  electronic  structure  and 
iyr.arr.ies  of  defect:.,  and  surface  and  interface  states.  I  regress :  !.V 


i!'  O'-OOi,  brown  University,  "Experimental  an  i  Theoret  ical  Invest  i- 
ratior.  of  the  Trail  sport  Properties.  of  ft-nicor.  meting  fur face  Ii.verri 
.ayers,"  F.I.  -  Dr.  Phil  ip  Dtiles,  riOODI 


in  is  urogram  will  investigate  both  experimon*  al  ly  ar. 


i  •  he:  "e?  :  -u  ; .. y  , 

J'“  i r.g  sur :'a  ■>  ;• . 


V.e  physics  !“  charge  transport  in  compound  .'cr.i  cm.  :ue‘  ir.g  surfaa 
Tv  first,  exp.-ri  mental  apr  reach  will  *  !  *  a  i  r  r  :  in:-'.. a*  r- 

•ev.;.'  !;  I'l.c.-.r  i n t.e r f to' -s  and  exp!  -.j  y<  re  :.' ... 

r'efiii  j  f.  -har'iet  .-r  i  *  he-  mu*  er  i  al  ,  ihysi'r,  a:,:  ‘e'!,i..T  T 
r  :  '*•*.;• .  .  h-  i  r.v<  stigit  r;  w;K  urrr-rta  ir.  *  :.•  t  Re.  >•<•*  ;•••.!  • 

f  r.at«Ti  a!  ;  ara r.<-‘ ■■r:\ ,  *  h<-  sing!*-  part  i  •!•  sj . rum,  many -l  ■  i.v  • 

ir.  i  i  rd  erYvi-c  t  as  nr*  -aii:  wi.a*  r  ie  ••*  p.aram.e*  <•»•;  ;  ay 

r.  •  his  -harre  *  ransp-  r*  .  1 1  is  •  };••  i  r  it**  <•:/  i  -ti  *  ■  arrive  a'  a 

•  -  a  1  .  •  i .  -  a  ;  i .  - i  j  *  it;  f  t  ■  * h  ■•t.arr"  '  rai.ru  r*  arc  i 

■a*  :  a  in  •  :  ■  .  .sfa-  •  .  f  ■  i  uni  cm;  •  :  ;  .  rs  .  ir  nv.v:  ’ 
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HR  372-C25,  University  of  Colorado,  "Heterojunction  Contacts  for 
Transferred  Electron  Devices,"  P.I.  -  Dr.  Russell  Hayes,  HOOClL- 
75-0-0472 

Controlled  heterojunction  contact  barriers  will  be  prepared  by  rrowti 
of  quaternary  lattice-matched  layers  of  (In,  Ga)  (As,P)  solid 
solutions  on  indium  phosphide.  By  varying  the  constituency  of  the 
quaternary  compound,  it  will  be  possible  to  vary  the  hetero junction 
barrier  height  continuously,  and  thus  to  determine  its  effect  on  the 
performance  of  transferred  electron  devices  in  indium  phosphide. 
Lattice  matching  is  important  to  minimize  defect  states  at  the 
heterojunction  interface.  Theoretical  analysis  will  accompany  the 
experiments  to  provide  a  sound  scientific  basis  for  a  rational 
hetero j unction  technology.  Progress :  InGaAsP  layers  have  been 
grown  on  InP  with  composition  that  are  approximately  lattice  matched 
to  the  InP  and  with  a  band  gap  in  the  1.35-1.37  eV  range.  The 
layers  were  compensated  n-type  with  a  net  donor  concentration  of 
IxlO-^/cc  and  an  electron  mobility  of  2250  cnm/V-sec.  Fhotolumi- 
neseenee  studies  indicate  a  Zn  or  Cd  acceptor  is  present. 


HR  372-026,  California  Institute  of  Technology,  "Condensation  of 
Injected  Electrons  and  Holes  in  Semiconductors,"  P.I.  -  Dr.  Thomas 
McGill,  N00014-75-C-0U23 

A  comprehensive  experimental  program  will  study  the  condensation 
of  the  electron-hole  gas  injected  in  semiconductor  double  injection 
devices  at  low  temperatures.  Emphasis  will  be  placed  on  studying 
the  electrical  device  double  injection  process  at  low  temperatures 
and  its  interaction  with  condensate  will  be  developed.  1 r ogre re : 
Electrically  injected  carriers  at  low  temperatures  may  be  found  as 
fre->  electrons  and  holes,  as  excitonic  pairs,  as  bound  ex ci tons , 
or  a:  an  electron-hole  condensed  liquid.  This  latter  phase  i°  a 
high  density  phase  containing  about  3x1  /cm'  in  sili  ■  r..  :rpurit 
;  1  ay  an  important  role  in  determining  which  state  the  carriers  ar<- 
in  and  the  time  decay  of  the  nonequi librium  distribution.  Klectri" 
fields  have  been  shown  to  affect  the  population  dynamics  of  tic 
various  fihas.es. 

Recent  Pub  1  i  cations  : 


i.  V.  Marrello,  T.  F.  Lee,  R.  ”.  filver,  T.  f.  McGill,  and  -1  .  W. 
M;>y>>r,  "GonGensat  i  on  of  Injected  Electrons  and  Holes  in  German  i  urn  , ' 
i'hy.  Rev.  Letters,  ju  No.  9 ,  59  3-59!.  '1970. 


>• .  Hammond,  V.  Marrello,  R.  N.  filver,  T.  r.  McGill,  and  J . 
"  londr‘nsa+ i  ^  r.  .f  injected  Electrons  and  t'.;es  in  filicnn. 
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3.  V.  Marrello,  P.  B.  Hammond,  R.  N.  Uilver,  T.  C.  McGill,  and 
J.  W.  Mayer,  "Electron  Hole  Condensate  Radiation  from  Ge  Double 
Injection  Devices  Between  1.5°  and  Fhys.  Letters  bJA_,  3, 

237-238  (197M. 

NR  372-035,  Stanford  University,  "Control  of  Impurities  in  the 
E'pitaxial  Growth  of  High  Quality  GaAs,”  P.I.  -  Dr.  David  Stevenson, 
N0001U75-C-0887 

The  investigators  will  analyze  the  thermal-chemical  reactions  ir.  a 
controlled  growth  system  to  determine  the  source  of  impurities, 
correlate  the  residual  impurity  with  gas  species,  and  modify  the 
reactions  accordingly.  Two  principal  activities  are  to  be  under¬ 
taken:  the  development  of  liquid  phase  epitaxial  growl. h  techniques 
to  control  impurities;  and  the  design  and  construction  of  a  molecular 
beam-mass  analyzer  system  to  sample,  at  growth  temperatures  an: 
atmospheric  pressure,  the  gaseous  environment  involved  in  the 
chemical  transport  reactions  during  crystal  growth.  Progress :  It 
has  been  shown  that  a  major  source  of  impurities  in  the  growth  of 
GaAs  epitaxial  layers  arises,  from  chemical  transport  reactions 
involving  the  protective  gas  atmosphere,  container  and  crucible 
materials  and  growth  ingredients.  In  growth  studies,  dramatic 
changes  in  layer  properties  occur  for  different  pre-gn.wth  amen::  re¬ 
conditions.  The  shallow  and  deep  levels  appear  to  be  dependent  u; 
impurities  that  arise  from  chemical  reactions  bet  ween  the  growth 
system  components.  A  model  on  the  attachment  at  the  liquid- col  id 
interface  has  been  developed  that  predicts  that  impurities  are 
segregated  at  the  boundaries  of  clusters  of  GaAs.  Roth  n-  and 
p-type  layers  were  produced,  depending  upon  the  anneal.  The  design 
and  construction  of  a  molecular  beam-mass  ana'yzer  is  described 
that  is  capable  of  analyzing  a  gaseous  system  at  high  tempera*  •; st¬ 
and  at  atmospheric  pressure. 

Recent  Publications: 

B.  L.  Mattes,  Yu-M.  Houng,  at.  i  G.  I.  i'eatao:.,  -vth  and  Vr<  :  ••r*  :  • 
of  Cemi- Insulating  Epitaxial  GaAs",  .1.  Vac.  ;>i .  and  'ieehn*  ; ,  . 

869  (1975). 


HR  372-055,  Princeton  University,  "Compound  ■  i  •  btcf.  r  : dr ^ " 
P.I.  -  Dr.  Peter  Mark,  n000lh-75-C-rM9)» 

Phis  program  will  carry  out  research  :»r.  *  !:•  •  r  •  i  ■  a:  : 

bulk  properties  of  semiconductor:'  1  hut  inf,  cr  ■■  “•  rr.a*  :  r,  •  *  • 

film  overlayers  and  surface  react  i  on  k  inc*  Th>  ••*'*’>  •*  s  f  !  : 

loping  and  of  surface  crystal  lographic  i r:  i < -x  >  ;•>)*•*'••.  •• 

compos i  t:  ion  and  surface  topography  w  i  1  b<-  > :  v<  ••*  ■  gv  •  ! .  At. a  y*  *  ' 
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tools  will  include  low  energy  electron  ii  :':'rv*  :  ,-i. ,  uur*- r  *■'. 
u  tec  t  rose  spy ,  scanning,  electron  micro:, cot  y  ,  r  ti  :u"t  Ivity  mod 
and  ell ipsometric  analysis.  F  rogress  :  Th*-  systems;*  :«•  <-xami 
■si'  the  surface  structure  of  various  coir.;  ■.  an  :  .  i  ■  r.  r. 

continued  Ly  a  LFKf'  examination  of  '’.if  surfaces.  From  is  n. 
LKI-.T  symmetry  analysis,  it  has  been  ccr.rlu.jed  that  the  t.  or.—: 
surfaces  terminated  with  an  ideal  surface  unit  se  ed,  un  i  *  hut 
final  lattice  plane  spacing  is  within  »'  T  f  t ;.<•  ;  tea;  term;;. 
This  is  Lr.  agreement  with  earlier  similar  wc rk  or.  fr.  ,  ret  .r 
this  contract.  The  polar  surfaces,  in  contrast ,  always  t  >-m 
it.  a  non- i tleal  fashion .  They  are  either  reconstruct**  1 ,  face 
•overed  or  terminated  with  the  incorrect  rotational  sym::.»-t  ry 
•ertain  patches  ef  the  surface  were  wurtz  i  to— connect*.-  :  at.  : 
patches,  were  r.inct  len  ie-o  nneeted.  A  systemat  it-  study  sf  •  i. 
effect  f  h-.-ri.iinr  ionic:* y  on  the  kinetics  of  ras-s.Tii  irf* 
a:  ,-riere!  t:-on-p'Ol  ar  c.  r.t  ,-;n  i  semiconductor  surfaces  has  let- 
1  ••run  and  the  initial  results  have  beer,  pul  1  is  herd.  This  v  r 
s*  irt.nl a* ed  by  the  earlier  research,  which  rhe-w*.- :  4  hat  xyv<-n 
at  -  r  !*•?•*•  i  surfaces  f  "ti  ar.  ;  war  much  si  wo-r  *  ha:,  t  t.a* 
i  ti  tic  literature  for-  or  lere  s  Surface.';;  ’’  Ti.  •  was  u.s 
by  he  early  w-  rk  f  Me  a  i  an:  so] ‘at-  rv  rs  wt.  •«•*•  :  • a- 
i  Jti  i  e  i  t  y  p  1  aye  i  a  ion  i  nan  t  r  .  I  ••  it.  •  •  r.y  iarri-r  :  rma'  . 

:-"cer.t  ■  ub  i  led,  ions  : 

•  .'in:  i  .  !v'irk ,  '  :  An*: :  y:  1.  *  :.*  :  :  •  . 


.  v.nvf.  'in  : 
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'2-0 So ,  Brown  University,  "Transport  Properties  of  TnCaAs  Toiid 
ioru;  at  High  Electric  Fields,"  P.I.  -  Dr.  Maurice  llicksmar. , 
,U-T5-C-05tr> 


i  nves.t.igator  will  measure  the  velocity-electric  field  character¬ 
's  of  r.-type  samples  of  high  quality  solid  solutions  of  InOaAr; . 
»remei;‘.s  will  be  made  on  material  epitaxially  grown  on  OaAr 
,  and  having  values  of  composition  corresponding  to  x 
ar:.i  0.25.  Initial  studies  will  focus  on  the  measurement 
•tract eristics  using  short  pulse  and  microwave  techniques, 
stages,  the  focus  will  be  on  the  theoretical  analysis  cf 
to  determine  the  scattering  parameters  of  the  material. 

Preliminary  measurements  cf  InGaAs  alloy  samples  indicate 
threshold  field  for  9unr.  effect  increases  with  increasing 
or  it  ion.  Apparatus  has  been  assembled  for  studying  the 
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■err  les 
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s. t  i  ty  f  Texas,  "The  i'ynthesir  's-fui  si 

t. ili  i-foli-i  Phase  Functions  ar  'urfaces 
7 9 0  ^  I -7 -C - 0  9 1  <’ 


:  ;  :  surface  react  i  -ns  l  i  :  phase  epi-.nxy  may  a;, 

r'-tr.'  new  method  for  realising  reasonably  corr.r  I  ex  layer'.-; 

rnoturer  wifr.  a  min  imuit;  of  processing  sort:  i  "Xi*y  .  i'l.e 
r  fa*  it.  these  structures  formed  by  this  technique  may  be 

ii  ff than  those  formed  by  serial  deposition  from  *  ;•-.>• 

:  :,as"  r  gr.  vt  in  from  a  gas-soli;  interface.  The  ii  f  fevn-'e 
err.;.  f  impurities  an  1  lattic  mismatches  a*  ‘.he  !  ounuar i"S 
:.av>-  s  i  gr.  i  f  i  cant  effect  s  on  device  performin'-'' ,  reliability, 
ar.  ;  re;  i-atabi  1  it  y  of  fabrication.  The  matt.  .If’" 
v  is  » .  jeveioi  a  specific  set  of  thermo  lynami  ar 
i  r-eni"!.*  .:  each  useful  type  c-f  ilfctn  -  st  r u  •' 

ir.V'.iV"  an  overall  set  of  ruler  it.  terms  f  b'T  .' 


ive  f  11.  is 

re.  This 
f  format  i  or; . 


•n:;t  ants  ,  etc.,  for  thin  film  grow4  h  l  w<"-r.  'w;  el  emery  r 
;  is.  In  addition,  the  constraints  I m :  1  i :  b, 

"inbin’it.  ions  of  materia!;-  with  radi  -a;  !y  :i  f 
in  iefini'e  rder  may  w.  ii  allow  us  *  tc 
-  .  i .  *  s  r  ail  jV  us  ■  re-sr  e.->  fy  them  in  *  err. 

r-".'t  i  i  iy  available  rtaf  :  -  therraodyrgimi  •  •  r;s*  ar.‘ 

s."  >;n<-  i  •  i.ar-un"*  ers  .  er  i  f  hr  rys’ems  i: 

.  ;  •  n  -"Mr-i'  ■  are  1  inary  ar.  ;  t.ernar-y  s.ys*  w;*h  .  - 1 y *  ; 

•■  -■  ■  >•;:.  tf;.-.  ,  V ;  .  if,  V;  ,  MTF ,  V;f;M,  an  i  •  "  “  ,  "* 
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;  >■  -a  .  i  •  •  rre.-.p  a:  is  t.  the  !’■  i -me*  a  1  binary  sys* '‘ms 

whi  "r-irri.  ai  da*  a  -urrentiv  •  xir.tr  an!  is  being,  ext  an  :e  d 

.;  ,  .  •  r  gf  ss  ;  Ihir  trig  ‘he  pas*  year,  a  m-  ■  d"  ;  f.  •••  ‘he 
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lev  l  :  ••  :  ii  rh  *  *.•-!  g.  :•  t-ubl  iout  5-  n.  .>1  .  ■  :< ;  r  a*  ’  i .  :  L  " :  *  I 

are  hu*  t  h>  •  s  t  nr  e  1  v-.'*  eutcct  Lo  rr.p  •*  ;  •  is  first  rur 

imp.  rt  an  a;.-  an  ir.it.:.-:'  c  lit  ion  j, ■<  i  r.  ■■  rn.clo.a*  r. 

the  f:  ret  cry;:’  a  I".  iue  p.aafe.  Th  i i-n*  ec?  is  ;•>  e  i  •:  may  e  either  a 
supercooled  aet as table  st  a*  <■  i  reduce  :  by  *  ::::*  ial  rmu*.  1  r. 

I  recess  or  t-.h;e  it  may  i  ndeod  be  the  c  tuil  i bri a.;:.  pnace  f  -*r  a  r.arrf  v 
inter facial  regie t..  There  have  led  t>.  the  e< >t:c :  ir  i-  r.  that  the 
first  compound  nucleate.!  ir.  i  lanar  binary  react  i  r.  e.ut.ies  if 
the  float  stable  congruent  ly  melting  compound  adjacent  to  the  love::* 
temperature  eutectic  on  the  bulk  equil  itri’im  i  :  has  e  ..  :  ■  c  . .  :  re  .  i  ■ 

inary  analysis  of  the  initial  formation  ir.  binary  .  t.  coupler 

suggests  that  the  stability  of  properly  prepared  in*  and  rub 

■  pent  nucleation  phases,  is  dependent  or  the  as- dor  ■  .  '  *»  :  •■snoentra- 
tior.  profile.  The  investigators  propose  that,  the  .<  *»•••.  *  .  t.erry 
state  of  tiie  interface  system  is  possibly  an  arr.c rri.cu;  '.'ary  s.’i  : 
with  the  lowest  eutectic  concentration.  It  is  specula* ♦  .  •  •  a*  the 
stability  of  this  interface  is  related  to  its  wit*  t .  arc  w  :  barer 
are  nucleated  at  t  emperatures  where  1  urge  consent  rat  :  r  .  •  "  a*  : 
are  generated  by  the  onset  of  chemical  reactions  a*  tin  :  •  hr:- 

KK  ?Tw-077 ,  California  Institute  of  Technology  »  "-'‘-111  Phare  :■  r- :  tax  : 
Growth , "  P.I.  -  hr.  Marc  die,  let,  riO(vi:!._Y‘  -’-0CU. 

The  broad  objective  of  the  program  is  *  o  investigate  the  hash- 
processes  which  control  this  form  of  epitaxial  growth.  it  if  proper, 
to  study:  (l)  growth  kinetics,  (?)  the  role  of  the  metal  layer, 

(-)  incorporation  of  dopant  atoms,  and  (1)  correla*un  with,  rogrrv+.h 
of  implanted  amorphous  layers  and  consideration  other  subst rater, 
suet:  as  Ce  or  GaAs.  A  second  task  will  further  invest  iga*e  t  h.e  n.c  t  -t 
ni 1  icon  interface  and  dissolution  .and  growth  reactions  which  take 
place  at  this  interface.  Measurements  will  be  made  on  the  velooitie 
of  iisrol  ition  and/or  growth:  proceeding  simultaneously  ir.  several 
crystal  directions.  A  third,  new  task  will  investigate  the  effects 
of  high  dose  rate  and  high  dose  effects  on  ion  implantation  or:  the 
growth  of  the  epitaxial  layers.  Progress :  During  the  last  year', 
back scatter! ng  spectrometry  and  scanning  electron  microscopy  (hKM) 
have  been  used  to  study  the  transport,  ■  f  Mi  from  an  amorphous  hi 
layer  (<  1  pm)  through  a  I'd-si  i  icide  layer  onto  <-jO0>  orient,  or  hi. 
For  a  given  annealing  temperature,  tv*  ! 5  st  i  net  r*nger  f  this  j  r  •>'»• 
have  been  observed.  The  ini*  ial  t.rans  i  ent  st  age  start  r.  with  i  s',  an  : 
growth  of  Pi  and  ends  with  a  uniform  layer  of  hi  a  t  he  subrt  ra*  *  . 
The  thickness  of  the  ini*  ial  t  ransient  st.  age  is  fund  to  be  e  p.ta  l 
t.o  tire  thickness  of  the  hi-fi  I  icide  ]  ay<  r .  Tin  second  stage  r.* 
growth  is  characterise!  ty  a  linear  t  i r*. ■  ■  ieiendet.ee  whic)i  if  1  '1y 
slower  t  han  the  transient  stage.  Aui-ar  <dr  •?  r-tt  r p-ect.roscopy  ‘ 
establ  i  shed  that  cart,  it  is,  prer.ent.  it.  *  he  Fd  hi  and  the  ,,r..or;  ,  us  .  *. 
layers,  prob.ably  arising  fr«  rr:  the'  carl  ■  :.  ■rnri'nle  of  the  evat  •  ra*  . 
system.  These  carbon  it: ;  ur  i  *  ies.  may  !•  re  |  at  <•  i  *<  *  he  var :  a*  ,  r  s  i > 

growth  rate  observe:  l<-*w<:.  :  t  !*!Vp"  f  •*•;:.:• .  s  i  .  :  1  ’■*-  ■' 

rise  *  .  grow* !:  ‘.ha*  is  s.a  !  '  ••-*  i  ve  1  y  "  ia**  *  ' 
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transient  stare  in  1 ess  distinct.  Investigations  of  intentional 
doping  of  the  grown  layers  has  begun. 

Recent  Publications: 

J.  0.  MeCaldir.,  "Atom  movements  occurring  at  solid  metal- 
semi  conduct  or  interfaces,”  Journal  Vacuum  Science  and  Technology 
11,  99C  (1 97**). 


1.  H.  Muller,  W.  K.  Chu,  J.  Gyulai,  J.  W.  Mayer,  T.  W.  Sigmon, 
and  T.  K.  Cass,  "Crystal  orientation  dependence  of  residual  disorde 
in  As-implanted  Si,"  Applied  Physics  Letters  ?( ,  29?  (1975). 

3.  C.  Canal i ,  S.  IT.  Campisan,  S.  f.  Lau,  Z.  L.  Liau,  and  J.  W. 
May-r ,  "Gelid-phase  epitaxial  growth  of  Si  through  palladium- 
si  1  ici  ie  layers,"  Journal  of  Applied  Physics  h( ,  2631  (1975). 

.  J.  C.  Best  and  J.  0.  McCaldin,  "Gi-Al  Interface  Shapes  Develope 
during  heating  of  integrated  circuits,"  Journal  of  Applied  rhysies 
iL,  **C71  (1975). 


NR  372-067,  Naval  Surface  Weapons  Center,  "High  Field  Transport  in 
Ternary  Alloy  Semiconductors,"  P.I.  -  Dr.  Gary  Carver 


This  program  will  study  the  transport  properties  of  the  semiconduct 
alloy  system  (Pb,  Sn)  Te  in  strong  electric  fields.  This  material 
finding  extensive  application  in  8-1  *»  micrometer  wavelength  range 
imaging  devices,  but  little  is  known  about  the  transport  properties 
The  thrust  of  the  effort  will  be  to  determine  the  saturated  drift 
velocity  investigate  whether  dynamic  instabilities,  related  to 
bulk  negative  differential  conductivity,  may  be  initiated  in  this 
alloy  system.  1  'ho:, omenologi cally  ,  the  Pbp_x3nxTe  alloys  are  a  riel: 
system.  The  rf;  '-•'alley  band  structure,  the  evidence  for  subsidia 
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372-095 ,  Colorado  Dtate  University,  "Compound  Semiconductor 
Jurfaces  and  Interfaces,"  P.I.  -  Dr.  Carl  Wilmsen,  N00014-76- 

2-0387 

Insulators  on  InF,  InSb,  and  InAs  will  be  investigated  for  their 
electrical’  and  mechanical  properties  and  for  low  surface  state 
densities.  Several  analytical  techniques,  such  as  Auger  electron 
spectroscopy,  ESCA,  capacitance-voltage,  and  capacitance-conduc¬ 
tance  measurements  will  be  utilized  to  study  the  interface  proyerti 
to  obtain  a  correlation  between  surface  state  properties  and  chemic 
composition.  Theoretical  calculations  of  surface  oxidation  energie 
as  a  function  of  position  and  coverage  will  also  be  carried  out. 
Initial  studies  will  focus  on  a  double  layer  insulator  with  an  anod 
oxide  overlaid  with  a  sputtered  oxide,  such  as  silicon  dioxide. 
Progress :  New 


NR  372-096,  Naval  Research  Laboratory,  "Solid  Phase  Epitaxial  Etudi 
Using  Molecular  Beam  Deposition  Techniques,"  F.I.  -  Dr.  John  Davey 

Solid-solid  surface  reactions  (solid  phase  epitaxy)  may  offer  an 
important  new  method  for  realizing  reasonably  complex  layered  devic 
structures  with  a  minimum  of  processing  complexity.  ONR  has  recent 
begun  a  coordinated  program  to  investigate  the  physical  properties 
these  interactions  in  several  universities  and  industry.  While 
striking  recrystallization  effects  have  been  seen,  evaporation  of 
the  amorphous  silicon  has  disadvantages.  Similarly,  growth  of 
single  crystal  silicon  by  molecular  beam  epitaxy  (vacuum  evapcratic 
at  low  temperatures  has  been  singularly  unsuccessful.  Preliminary 
studies  at  NRL  indicate  that  by  placing  a  metal  layer  on  the  silicc 
substrate  and  heating  to  600  C  during  evaporation,  thus  combining 
solid-phase-epitaxy  with  molecular  beam  epitaxy,  single  crystal 
silicon  can  be  grown,  a  result  that  could  be  an  important  stride 
forward  in  semiconductor  technology.  This  program  will  continue  th 
investigations.  Progress :  New 

NR  372-097,  Yeshiva  University,  "Piezo-Optical  Petermir.at  Kr:  ; 

Pe formation  Potentials  in  Mult i -V all eyed  Pemiccnductors ,"  F.I.  - 
Dr.  Fred  Poliak,  NOOOlU-76-C-OU8l 

An  investigation  of  the  stress-dependence  of  the  optical  absort t : .  t: 
wilL  be  carried  out  in  several  III-V  semiconductors .  Wavelength 
modulated  transmission  and  reflection  will  be  utilized  1 o  measure 
both  indirect  and  direct  transitions  from  valence  to  conduct i  1  -n 
bund .  r’’rom  the  transition  rater,  and  the  scattering  processor ,  tin- 
absolute  valuer  for  the  el ect  ron-phoivn  and  holt— ph<  -non  !<■:'  •rr,.-.*  i  •  : 
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Fabricated  by  Preferential  Etching,"  A;  ;  7  .  I  by.  .  Ley*  .  ,  Vo'..  P(  , 
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11.  W.  T.  Tsang  ani  7.  Wang,  "Fxperirr.ont a.  rtudies  of  Photoresis* 

•1  ratings  ,"  Wave  Electron  :cs ,  Voi  .  I,  pp  July  ( 19~r> ) . 
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Optical  waveguides  which  leak  energy  (but  dr  not  iiesipate  it  by 
absorption  or  sontteri nr '  are  adapted  ar  •couplers:  between  integrate 
circuit  elements  or  as  beam  formers .  Changer  in  rut  ie  thickness  .  r 
modulated  gratinr  structures  are  studied  as  the  mechanism  to  produo 
the  desired  bear,  behavior.  Progress :  Th>>  perturb-)*  ion  approach 
has  been  highly  successful  in  providing  highly  accurate  results  for¬ 
th'-  analysis  of  wave  phenomena  on  dielectric  gratings.  The  work  ar. 
results  obtained  during  the  past  half-year  perio  1  include  the 
formulation  of  solutions  for  treating  TM-node  problems ,  which  are 
more  complicated  than  those  of  ?E  modes  discussed  in  the  past.,  the 
development  of  equivalent  networks,  which  greatly  facilitate  the 
understanding  of  the  physical  mechanism  inv.dved  ir.  the  guiding 
and  scattering  of  waves  by  dielectric  grat insr ,  the  derivation  of 
leaky-wave  dispersion  curves  for  use  in  beam-coupler  applications, 
and  the  development,  of  systematic  criteria  for  the  design  of 
dielectric  gratings  having  desirable  physic-:;  character  i  s.t  i  es  . 

Hecent  I\ibl  i  cations: 


1.  8.  T.  Peng  and  T.  Tamir,  "pi  rect  i  onal  Haring  of  Waver.  Guide!  b 

Asymmetric  Pielectric  Gratings",  ''ptics  Comir..  ,  Vo!  .  :i,  pp .  •,)0‘ 
August  197h. 
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2.  A.  Saad ,  H.  L.  Bertoni  and  T.  Tamir,  "Beam  Scattering  by  Nonuni  form. 
Leaky-Wave  Structures,"  Proc .  IEEE,  Vol.  62,  (Special  Issue  on  Fays 
and  Beams),  pp.  1552-1561;  November  197^. 

3.  S.  T.  Peng  and  T.  Tamir,  "Effect  of  Groove  Profile  on  the 
Performance  of  Dielectric  Grating  Couplers,”  Proc.  Gymp.  Optical 
and  Acoustical  Micro-Electronics,  Polytechnic  Press,  pp.  377-392, 

1975. 

1+ .  3.  T.  Peng,  T.  Tamir  and  H.  L.  Bertoni,  "Theory  of  Periodic 

Dielectric  Waveguides",  IEEE  Trans.  Microwave  Theory  and  Techniques 
(Special  Issue  on  Integrated  Optics  and  Optical  Waveguides),  Vol. 
MTT-23,  pp.  123-133;  January  1975. 

5.  K.  Handa,  S.  T.  Peng  and  T.  Tamir,  "improved  Ferturt  tion  Analysis 
of  Dielectric  Gratings",  Appl .  Physics,  Vol.  5,  pp.  325-  D; 

January  1975. 

6.  S.  T.  Peng  and  T.  Tamir,  "TM-Mode  Perturbatio  Ar.alys  -f 
Dielectric  Gratings",  App.  Phys . ,  Vol.  6,  pp.  35- -  .  May  1 

7.  T.  Tamir  (Editor),  "Integrated  Optics",  Spr inger-Verlag , 

New  York,  Heidelberg,  Eerlin;  1975. 


FIR  009-017,  Rensselaer  Polytechnic  Institute,  "Optical  Peal  Time 
Signal  Processors  Using  Surface  Rayleigh  Waves,"  P.T.  -  Pr. 

Pankaj  Das,  N0001^-75-C-0772 

The  interaction  of  acoustic  surface  waves  and  integrated  optical 
waves  will  be  studied  for  signal  processor  applications.  Two 
acoustic  surface  waves  can  be  correlated  through  the  acousto¬ 
optic  interaction  with  the  correlation  signal  appearing  in  the 
diffracted  optical  signal.  The  application  of  this  to  correlators, 
modulators,  and  filters  will  be  investigated.  The  use  of  acoustic 
surface  waves  for  determining  the  surface  properties  of  semicon¬ 
ductors  will  be  investigated.  Progress :  Signal  processing  functions 
such  as  convolution  correlation,  and  Fourier  transform  have  been 
obtained  in  real-time  using  the  efficient,  diffraction  of  laser 
light  from  acoustic  surface  waves  propagating  on  lithium  niohnte. 
Different  device  configurations,  and  detection  schemes  have  been 
considered.  Results  were  found  for  the  usual  delay-line  transducer 
configuration,  as  well  as  for  an  improved  scheme  whirl:  eliminate:: 
the  problem  of  the  reflection  signal.  A  discussion  was  given 
indicating  the  extension  of  the  ace.ustooptical  convolver  t  .  •  t  he 
generation  of  ambiguity  functions  and  the  correlation  .  f  a  light 
amplitude  distril u+ if n  with  an  acoustic  signal . 
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Recent  Publications: 

1.  P.  Das,  M.  E.  Motaraedi,  and  R.  T.  Webster,  "Determination  of 
Semiconductor  Surface  Properties  Using  Surface  Acoustic  Waves", 
Applied  Physics  Letters  27_,  120  (1975). 

2.  H.  Bilboa,  M.  E.  Motamedi,  and  P.  Das,  "Study  of  GaAs  Epitaxial 
Layer  Using  the  Separated  Medium  Acoustoelectric  Effect",  in  Proc . 
197?  Ultrasonics  Symposium. 

3.  M.  E.  Motamedi,  R.  T.  Webster,  and  P.  Das,  "Application  of  CAW 
Delay  Line  Attenuation  and  Transverse  Acoustoelectric  Voltage  for 
Determination  of  Semiconductor  Surface  Properties”,  in  Proceedings 
1979  Ultrasonics  Symposium. 

k.  H.  Gilboa,  M.  E.  Motamedi,  and  F.  Das,  "Determination  of  Energy 
Band  and  Surface  State  Locations  in  GaAs  Using  the  Separated 
Medium  Surface  Acoustoelectric  Effect",  Applied  Physics  Letters  27 , 
6bl  (1975). 


NR  009-018,  University  of  Texas,  "Multiple  and/or  Inhomogeneous 
Layers  for  Integrated  Optical  Coupling  and  Modulation , "  P.T.  - 
Dr.  Bruce  Buckman ,  N000ll4-75-C-0753 

Large,  permanent  refractive  index  changes  are  obtainable  ir.  Fblp 
films  in  the  red  and  infrared  portions  of  the  spectrum  when  these 
films  are  subjected  to  1»88  nm  Ar  laser  radiation  at  film  tempera'  ur 
around  165  Celsius.  Several  novel  coupling  and  modulation  devices, 
which  are  feasible  only  when  a  refractive  index  grating  formation 
mechanism  such  as  this  is  possible,  will  be  investigated  analyt i 
and  evaluated  experimentally.  Progress :  A  matrix  method  for  -a.',  on 
dating  the  effective  refractive  index  of  guided  modes  on  mult ilay'T 
dielectric  waveguides  was  developed  and  employed  to  calculate  ♦Li¬ 
ef  fective  electrooptic  coefficient  of  such  waveguide  struct  ires  who 
one  of  the  media  composing  them  is  electrooptic.  In  properly 
specified  three-layer  waveguides,  enhancement  of  the  effective 
electrooptic  coefficient  above  the  bulk  value  by  as  much  as  a 
fact. or  equal  to  the  square  of  the  highest  refractive  index  ir.  the 
structure  is  possible.  The  maximum  r.cdulni  ion  enhancement  is 
attainable  with  loosely,  as  well  as  tightly,  •-on fine:  waveguide  no  ! 

Recent  Publications: 

!.  A.  H.  Ruck  man  and  iJ.  ii.  Hong,  "Large  Re  fra-  • !  iv<  — Index  "hung-  ir. 
n-rr,  Film::  by  Photolysis  at  1 50-1  hoe" ,  .Journal  ->f  the  j.t  iml  s  i  •• 
of  America  A? ,  9lh  (1975). 
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1.  Annual  Progress  Report  dated  September  197b  —  "Theoxvt 
Search. for  Paper-Velocity  Semiconductors" ,  A.  Littlejohn 
J.  R.  Hauser. 

2.  M.  A.  Littlejohn,  J.  R.  Hauser,  T.  H.  Glisson,  "Ponte  ' 
Calculation  of  the  Veloeity-Fiela  Relationship  for  Gallium. 
Applied  Phys.  Letters. 

j.  J.  E.  Andrews  and  M.  A.  Littlejohn,  "Growth  of  Gad  Thin 
from  Triet'nylgallium.  Monamine",  Journal  of  Electrochemical 

1*.  J.  E.  Andrews  and  M.  A.  Littlejohn,  "Mass  Cpectroscoj  ic 
of  Gail  Films",  (A  write-up). 
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•  '  -0.'\  ,  licrth  Carolina  Ctate  University ,  'Electrical  ’report 
Lmj  ’anted  Gallium  Arsen  lie" ,  :  .1.  -  M.  Littlejohn,  EOOO’L- 
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!■■  i ..  nines  impurity  and  n .  n-homogenecus  letVct  ri  a  •••  • 

if  asset  t  ■  try  tv  m<--  i<:  L  *  he  trar.si  or:  sharact.er  1  s  •  i  -s.  la-- 

defects  vary  in  sine  an.:  seem  to  be  :  i 1  oat  i  _n  ! 
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dew :  :a- ;  ta,  provide  better  1  lent  i  float  ;  *'  r  *:.••. 
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I 

j  n  thee  ret  Leal  modeling  program  has  been  developed  tc  r  inula’  e 

phenomena  in  transferred  electron  devices  such  as  rum.  <-ftV-o*  :-v 
|  and  livid  Affect  Transistors  (FAT).  It  has  been  shew:.  :  r*-v  i-  sly 

that.  static  field  models  of  such  devices  are  inane-sin:  e  *  ••>::  ini: 

many  f  the  phenomenological  results.  The  invest  ion*  r ,  wit:  *  • 
j  has  ieve loped  a  "Dynamic  ' ’athode  boundary  -ielu  m  lei  s  ,r  ■ 

|  changing  field  conditions  at  the  cathode.  This  m.  ie  1  has  1 » >•:. 

j  successful  in  explaining  many  device  features.  The  mo  tel  will  l e 

applied  to  three  terminal  (FET)  devices  to  determine  effects  f 
time  varying  cathode  conditions ,  •:  f  regi<  r.s  of  negative  :  1  • 

hi  1  i  * under  the  gate  ccntae!  ,  f  var  1  us  cf  act  |  ;  •  r*  a  . 

(I  arrl"."  heigh*  s  ,  **tc.  )  ana  of  externa,  i  dr  ■;;i‘  :  ur-esi  * -c  .  . 
will  !••  ex  5  1  .■  re  i  which  are  per*  inent.  * .  lev  ice  ext  *-r  :::.<••?.*  s  a*  < 
IcivaL  he  search  Lab-.  ra* -  ry  .  '!rfu:s  for  :  elec*  r--n  c.  1  c  r  wav 
ar>-  ;iu-  increase  i  usage  ;p,  eiv-'s  n  :  •  mirra  wave  :-y:  n-:-  1 

f  r  'tin  j  lifiers  at.  i  f  r  sources.  i  r  im.ari  ly  gallium  ar.  - 
bn*  in  i  i  -  it:,  phes;  hide  is  finding  wi  a;  [  1  ica-  i  n  ra-  '  : '  s 

1  •  •  i-  :  nigpvr  i D  p.-v  .  •:  v*  •.-••:*,  *  .'c-  ievi  (  n  •  r  w- 
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omidary  with  a  variably 
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e  will  investigate  the 
i-.'i’S  by  preparing  lev i -?e 
ieron  spatial  rep.urat  i< 
are  cp it -vxy  will  be  lev 
lip.  channel  laser  a.  '.’’he 
i v i  wit, n  c'j.ipjKiSi s  or.  me 
threshold  current  dens 


r±  waverisie  ariu  t:.e 
>j oeVfici en t  ■: •  f  rof  ru c t . 
of  gallium  ani  alurtimx:: 
r  action  without  c.‘.  use  ' 

r'.tl  ami  transverse  tyre: 
sity,  better  temperaturf 
GaAs  technology ,  am 
snail  absorption.  Prog: 
11 y  am:  experimentally  1 
ill:!  arsenide  ami  gallium 
pi'opert ies  of  1: r+ritutt 
a  wifi:  surface  cor ruga-  : 
m  A  r.ev  t  ecbni  cue  f  < 
tl  '-re.:  to  evaluate  Its  • 
listrih'i^o.i  feedback 
io  control  wavelength  si 
i  t y  will  be  i  n vest :  g ate.. 


a Ufr.ce  of  the  mi-'t 
’  it:t  i  cal  W uvem:  .  . .  •  c  .  1 


,  University  of  California  at  berkeie 
A::::: i  f ::  err."  ,  1.1.  -  C.  To  WxC,  T  >' "■  Ji  - 

.his  ;v;:y  1..:  directed  tuwar: i  the  evolv.t  i 

a.  ,  wit::  particular  emphasis  wive:.  *..,•  characterise.  :  tv 
.  r  a:  i  :  lispersive  structure  elements  in  the  maser  cavi'y 
:A  gure.i,  t  unability  an  i  sensitivity  of  masers  opera*. inr  in  * 
millimeter  wavelength  region  are  iotermiuei.  Impr  jvomor.* 
i nomase  performance  ar.i  tc  decrease  site  an:  complexity  ar._- 
invoci  ipated.  Development  of  a  superconducting.  slow-wave  st 
will  le  accomplished  to  attain  lower  losses  and  hence  hi.;':,  r 
. ewer  pump  power,  and  shorter  wavelength.  Progress :  The  iv 
in  system  noise  to  very  low  figures  has  permitted  measureme:. 
in* erst ell ar  and  galactic  sources  not  possible  previously ;  i 
sensitivity  and  shorter  observing  times.  They  have  increase 
f. inability  around  the  15  GHz  central  frequency  to  about 
are  developing  a  superconducting  slow  wave  structure  with  r« 
•ireuit  losses.  The  slow  wave  structure  permits  greater  ami 
tier.  and  thus  smaller  simpler  systems.  There  has  now  been  ; 
term  operation  of  maser  amplifiers  operated  iit  conjunct  i  on  w 
foot  antenna  at  the  Hat  Creek  Observatory  of  the  Ur.iverr.i 
.'alifornia  and  with  the  o5  foot  antenna  .A'  the  .'{aval  :•  con-arc 
Tabor  at  ary.  There  have  been  continuing  improvement r  in  thc-s 
systems  to  increase  tunability  and  bandwidth  to  reduce  syste 
and  same  simplifications  and  reduction  in  size.  Tome  design 
is  being  done  to  produce  two  high  stability  masers  for  use  i 
sjatial  interferometer  system  for  twin  antennas  at  Hat  'reek 
observatory.  A  technique  for  using  a  slow  wave  superci-nduet 
structure  has  been  demonstrated  and  is  being  incorporated  in 
maser  amplifier.  There  have  been  many  observations,  using  t 
extremely  lew  raise  amplifiers,  of  interstellar  and  galactic 
show: ng  the  abundances  of  a  variety  of  molecular  systems. 
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:  .  Matsakis,  "Molecule  Searches  in  Comet  Hohoutek  ( 1  •  >7 f 
"L  :r  wave  Frequencies",  Icarus  A3_,  590- !>?•'• ,  17 . 

.  .  M.  hertogo,  M.  F.  Chui ,  and  C.  H.  '•’owner,  "Isotopic  A  bur; 
an  1  Their  Variat  ions  within  the  Galaxy" ,  CCfFlh'F,  V,  1  . 
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oil  l  T.T.1  Lv  t  Lt*  I  id  t<tX  i  C;  1  tTC’Vt  l. 

Lr*  t.he  i:rovarat  i r ,  deposit  :  or. ,  -"tr.  i  rrvwth  ;  iv  terror 


;io  ;or:iplished  in  an  ultra  hi*~h  vaeuun:  :'vsten.  t<;  avoid  !.*. : r.ar 
1:.*. tractions.  The  crystal  silicon-palladium  f i ln-ancrphcus  si  1  iccr. 

or.  was  used.  Measurements  show  that  pal  1  ium  is  incorporate:: 
in  the  epitaxial  layer  after  growth,  the  amount  depending  cr.  ‘ho 
substrate  orientation.  Further,  ir.  the  silicide  format i or.  stage 
the  PdrGi  layer  on  L'i(lll)  is  more  strongly  oriented  to  the  subs*  rat 
than  id.-ifi  on  the  Gi(lOO)  face.  Low  temperature,  slow  growth  rate, 
sell!  phase  epitaxy  offers  great  promise  formakinr  ultra  thir. 
electrically  active  layers  with  sharp  interfaces.  The  impact  on 
device  technology  could  be  very  great .  There  is  expectation  t hat 
these  studies  will  also  contribute  to  understanding  of  other  relate: 
problems  in  device  technology ,  such  as,  metallisation  processes, 
silicide  formation,  and  aging  affects  or  both . 

recent  Publications:  done 


hi.  121-0591  University  of  Illinois,  "Ion  Implantation  of  Gallium 
Arsenide",  F.  1.  -  I: .  ctreetman,  NCOOil-76-0- 


The  properties  cf  gallium  arsenide  (GaAs)  implanted  with  various  dep 
impurities  will  be  studied.  Many  unknowns  will  be  investigated  sued 
as,  the  effects  cf  radiation  damage  induced  by  the  ion  bombardment, 
processes  by  which  the  dopant  atoms  become  electrically  active  in  1.1 
semiconductor,  the  effects  of  various  surface  encapsulating  films  w'r 
prevent  GaAs  surface  degradation  during  heat  treatment,  the  ietermir 
:f  the  spatial  location  of  impurities  before  and  after  annealing  (vi 
special  attention  to  enhanced  diffusion  effects),  the  correlation  ci 
resultant  optical  and  electrical  properties  with  implant at icr.  c-udit 
and  the  study  of  impurity  and  defect  centers  generated  by  the  prcee: 
beryllium  and  sulfur  impurity  spatial  profiles  will  be  determine:  b\ 
use  of  mass  analysis,  electron  spectroscopy  (Auger),  ar.l  the  Ti  w 
I-ischarge  Optical  n'p-ectroscopy  techniques.  Various  electrical  mens- 
ir.ents  will  be  made  n  samples  fabricate:  into  lev  ice  cer.fi  gum*  :  r:  . 
i'hotolumineseence  measurement  c  wl  ]  ■  t  o  use  i  t  ~  investigate  ielVot  a: 
imp, unity  centers .  This  task  is  closely  coordinated  wit's  other  1,‘avy 
1  at  ora  cry  programs  and  p  rev  ides  a  unique  comp  lemer.t  t  ••  there  effort 
l  regress :  hew 


recent  Publications:  I.’cne 


an 


iinoncuse  I-.esearch  Laboratories  , 

T.M.S.  Hern? ,  KC00lL-?UC-0C2.; 
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iiiicue  Issue  or.  Microwave  FFMs ,  Mu]y  ip-f  , 

M. i •'•••)  1  MCb  Transistor  Geometry  tv  r  I  over  AmrF  i  i’ipati 
.z  frequencies",  T.  Heng  and  .1.  Katharcsrn,  FFectr.r.ie 
.  A  •  ■  Tv  Ft,  1971.. 
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Howard  Lease:'*', 

This  work  seeks  met  hods  an  :  *  ’bnl  par  .-vpr  :  u  •  •  I  i  :  y  rr  v'.v.r 
'oAs  and  Ini  substrate.'  a:.:  M'.r  L*  axial  fi  In.  .■!’  :,l:.  :  iy 

suitable  1’or  use  in  the  fnbri  'a*  Mr.  "  r  1  M  • 

devices  and/or  i'F'M.  :  r./r'-s.:  :  in’  a;  nitvi  ie  befit::  as.,  or.i'lise, 
have  been  used  to  el  ir.ina-  •  .'id!  an;  curb  r.  1::.;  ur  1  •  i-u; .  uMr 

of  Ini  and  GaAs  'nave-  bee:.  :  ;MnH  a  r  *  t  i  nr  cru.Hl  inrti-a 

o:'  a  rotating  seed.  Mr  H  r.  is-no  '  tier  (us  rieanurt  :  by  etch 
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reduced  by  an  in  riiu  ruenninp  •  he  substm* t.  i  • :  I  n  *  t  iy  ;  M 
to  epitaxial  growth. 
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:;•{  3o 3-029,  KCA  Princeton  Labs.,  "Transverse  Domain  TELL",  I.  I.  - 
..'i',  V.  iiarayan ,  .iOCOll-Y^— C— 5 

This  work  seeks  to  develop  optimum  *] KLD  structures  wherein  ai.lacer.t 
"channels"  are  excited  by  a  transverse  spreading  T  the  dij  uonai: 
in  this  manner  inter  element  delay  and  parasitic  loading  may  be 
e_  ::r.ir.ated  such  that  complex  logic  computations  requiring  many  clock 
cycles  by  conventional  approaches  may  be  reduced  to  one  or  tv  clock 
c ycles.  Progress:  N e w 


•  i  e  c  e  i .  t  !  ;u  b  1  i  c  a  lions: 


Progress  Report  el,  February  197P,  V.'.  E.  'art  ice. 


Ei  -Mcnt  hiy  Progress  He  port  M,  ut  i .  Apr  1  ,  V.  :• .  Part: 


HR  3  c  ;-l  i'J ,  KCA  Princeton  Labs.,  "Enhancement  :■ 

It.  Y.  :1.  liar  ay  at: ,  i»0  OOlo-T'. -C-n.'.i  !, 

This  work  seeks  to  understand,  ext  l.d’:,  hr. iet  orr.de 
ticns  of  a  new  normally  qaas  i -et!'  mo  if-  i  l  id  1  i 

power  consumption  is  but  255  cf  that  require:  .f  a  .•<  r. 
■ter.  let  ion  mode  TKLD.  I  regress  :  Lew 

.decent  Publications : 

1.  Letter  Progress  Report  Al,  Feb.  19”t,  "Enhancement 
Logic  Devices",  by  L.  C.  Upadhyayul a ,  R.  F.  Smith. 

L .  i  regress  Report  A.  ,  ut  i  March  197 C ,  aneemerd 

Devices",  1..  C.  Upadhyayula,  .  P.  Smith.. 
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NR  333-032,  TRW  Systems, 
D.  Claxton,  NOOOlk-76-C- 


-nj  A 


1/2 


.  onve i 


This  work  seeks  to  demonstrate  tha*  an  A/I •  cci.v 
to  operate  at  clock  rates  in  excess  of  r  'T::?. . 
and  FKTs  on  a  common.  chip.  A  successive  apj.r<  x 
is  taker,  and  active  component  count  is  ubt  ut  10 
conventional  architecture.  Initially,  bits,  a 
Progress :  New 
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oh  is  no  t hvoret i cal  foundation 

I.. -.r.  be  developed.  The  object  of  - 
r.  c  e::u  *.  *. .  ie.elcp  such  theoretical  fundati 
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possible  faulty  conditions  are  mn‘:  prior  tc 

with  tin  . ..sired  external  syst  eu  parameters 

estimate:..  Tois  approach  is  base:  or.  the  oh. 


connect  ion;  . a  circuit  or  sync--.:,  ic-fine  a  : 
of  a  system  valued  variable,  i.e.  ,  a  mapping 
parameters  the  externally  measure  :  oyster. 
Progress  an.  been  made  in  a  number  .  f  areas, 
techniques  f  '  fault  analysis  ir:  the  anal  op  a 
tc  include  the-  digital  faults.  Tc  date  it  or. 
at-Faultc."  nevertheless ,  this  general izati: 
fault  nrt-ci.;  '.or.,  ar.  ad-hoc  algu.  it:im  has  bee 
iel..  .  Lirurr.  algorithm  will  be  construe* 
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